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BACKGROUND  OF  THE  INVENTION 

1)  F i e l d   of   t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   an  e r r o r  

c o r r e c t i n g   and  d e t e c t i n g   s y s t e m ,   u s i n g   e r r o r   c h e c k   a n d  

c o r r e c t i o n   (ECC)  c o d e s ,   i n  w h i c h   s i n g l e - b i t   e r r o r s   a r e  

c o r r e c t e d ,   d o u b l e - b i t   e r r o r s   a r e   d e t e c t e d ,   t r i p l e - b i t  
b l o c k   e r r o r s   a r e   d e t e c t e d ,   q u a d r u p l e - b i t   b l o c k   e r r o r s  

a r e   d e t e c t e d ,   and  8 - b i t   b u r s t   b l o c k   e r r o r s   of  w i t h i n  

any  two  b l o c k s   a r e   d e t e c t e d .  

2)  D e s c r i p t i o n   of   t h e   R e l a t e d   A r t  

To  e n s u r e   d a t a   i n t e g r i t y   and  i m p r o v e   t h e  

r e l i a b i l i t y   of  memory   u n i t s ,   e r r o r   c o r r e c t i n g   a n d  

d e t e c t i n g   s y s t e m s   u s i n g   ECC  c o d e s   h a v e   r e c e n t l y   b e e n  

d e v e l o p e d .  

ECC  c o d e s   o r i g i n a t e d   w i t h   t h e   Hamming  c o d e s  

d i s c l o s e d   in  R.W.  H a m m i n g ,   " E r r o r   D e t e c t i n g   and  E r r o r  

C o r r e c t i n g   C o d e s " ,   B e l l   S y s t e m   T e c h .   J . ,   v o l   29,  N o .  2 ,  

pp.  147  to  160,   A p r i l   1 9 5 0 .   Hamming  c o d e s   were   u s e d   t o  

c o r r e c t   s i n g l e - b i t   e r r o r s   and  d e t e c t   d o u b l e - b i t   e r r o r s  

.and,   t h e r e f o r e ,   a r e   a l s o   c a l l e d   "SEC-DED"  c o d e s .  

M.Y.  H s i a o   p r o v i d e d   i m p r o v e d   Hamming  SEC-DED 

c o d e s   to  e n h a n c e   t h e   d e c o d i n g   s p e e d   and  i m p r o v e   t h e  

d e t e c t i o n   r a t e   of   m u l t i p l e - b i t   e r r o r s   ( s e e :   "A  C l a s s   o f  

O p t i m a l   Minimum  O d d - w e i g h t - C o l u m n   SEC-DED  C o d e s ,   "IBM  J .  

Res.   D e v e l o p . ,   v o l .   14 ,   pp .   395  t o   401 ,   J u l y   1 9 7 0 ) .  

T h e s e   " H s i a o "   SEC-DED  c o d e s   h a v e   s i n c e   come  i n t o   b r o a d  

use   in  g e n e r a l - p u r p o s e   l a r g e - s c a l e   c o m p u t e r s .  

The  a b o v e - m e n t i o n e d   SEC-DED  c o d e s   a re   v e r y  

h e l p f u l   in  e n s u r i n g   d a t a   i n t e g r i t y   of   memory  u n i t s   a n d  

i m p r o v i n g   t h e   r e l i a b i l i t y   t h e r e o f ,   s i n c e   t h e   f a i l u r e  

mode  of  an  e l e m e n t   of  a  memory  u n i t ,   i . e . ,   a  m e m o r y  

c h i p   i s   a  s i n g l e - b i t   e r r o r .   I t   i s   t h e r e f o r e   even  m o r e  

e f f e c t i v e   to   c o n s t r u c t   m e m o r y _ c h i p s ,   b o a r d s ,   and  m o d u l e s  -  

in  o n e - b i t   c o n f i g u r a t i o n s .  

The  r e m a r k a b l e   i n c r e a s e   in   t h e   i n t e g r a t i o n   o f  



memory  c h i p s   and  in  t h e   d e n s i t y   of  memory  u n i t   p a c k a g i n g ,  

h o w e v e r ,   means   i t   i s   no  l o n g e r   p r a c t i c a l   to   c o n s t r u c t  

memory  c h i p s ,   b o a r d s ,   and  m o d u l e s   in  o n e - b i t   c o n f i g u r a -  

t i o n s   in  v i ew   of  memory  u n i t   c a p a b i l i t y ,   p e r f o r m a n c e ,  

and  p a c k a g i n g .   Memory  c h i p s ,   b o a r d s ,   and  m o d u l e s   a r e  

now  c o n s t r u c t e d   in  m u l t i p l e - b i t   c o n f i g u r a t i o n s ,   s u c h   a s  

4 - b i t   o r  8 - b i t   c o n f i g u r a t i o n s .   Fo r   e x a m p l e ,   a  64K  b i t  

memory  c h i p   i s   c o n s t r u c t e d   as  16K  w o r d s   x  4  b i t s   o r  

8K  w o r d s   x  8  b i t s .  

When  a  p l u r a l i t y   of  s u c h   memory  c h i p s   a r e  

m o u n t e d   on  a  memory  b o a r d   or   m o d u l e ,   t h e   b o a r d   or  m o d u l e  

a l s o   t a k e   on  m u l t i p l e - b i t   c o n f i g u r a t i o n s .  

In  a  memory  u n i t   c o n s t r u c t e d   by  memory  c h i p s ,  

b o a r d s ,   or  m o d u l e s   of  m u l t i p l e - b i t   c o n f i g u r a t i o n s ,  

h o w e v e r , - t h e r e   i s   a  p o s s i b i l i t y   of   b l o c k   ( lump)  e r r o r s  

in  d a t a   due  to  f a i l u r e   of   o n l y   one  of  t h e   c o n s t i t u e n t s .  

In  o t h e r   w o r d s ,   p a r t   or  a l l   of  t h e   b i t s   of  a  b l o c k   may  
be  e r r o n e o u s .   I t   i s   i m p o r t a n t   to   d e t e c t   s u c h   b l o c k  

e r r o r s   to   e n s u r e   t h e   d a t a   i n t e g r i t y   and  r e l i a b i l i t y  

of  memory  u n i t s .  

Here   " b l o c k "   m e a n s   t h e   m u l t i p l e - b i t   c o n f i g u r a -  

t i o n .   I f   "b"  i s   t h e   n u m b e r   of  b i t s   f o r m i n g   a  b l o c k ,   b = 4  

or  b=8  on  t he   a b o v e - m e n t i o n e d   memory  u n i t s .  

In  v i e w   of  t h e   f o r e g o i n g ,   p r o p o s a l s   have   b e e n  

made  f o r   s i n g l e - b i t   e r r o r   c o r r e c t i n g ,   s i n g l e   "b"  b i t  

b l o c k   e r r o r   d e t e c t i n g   (SEC-SbBED)  c o d e s   and  s i n g l e - b i t  

e r r o r   c o r r e c t i n g ,   d o u b l e - b i t   e r r o r   d e t e c t i n g ,   s i n g l e   " b "  

b i t   b l o c k   e r r o r   d e t e c t i n g   (SEC-DED-SbBED)  c o d e s .  

SEC-SbBED  c o d e s   a r e   d i s c l o s e d   in  B o s s e n ,  

Chang  and  Chen,   " M e a s u r e m e n t   and  G e n e r a t i o n   of  E r r o r  

C o r r e c t i n g   Codes   f o r   P a c k a g e   F a i l u r e s , "   IEEE  T r a n s .  

C o m p u t . ,   v o l .   C - 2 7 ,   N o .  3 ,   pp.   201  to   204,   March   1 9 7 3 .  

Wi th   SEC-SbBED  c o d e s ,   t h e   n u m b e r   of  c h e c k   b i t s   ( o r  

r e d u n d a n c y   b i t s )   i s  

w h e r e   b:  t h e   n u m b e r   of  b i t s   w i t h i n   one  b l o c k ;  

r:   t h e   n u m b e r   of  b l o c k s   w i t h i n   o n e  



c o d e w o r d ;   a n d  

r p l :   t h e   s m a l l e s t   i n t e g e r   g r e a t e r   t h a n  

or  e q u a l   to   p .  
For   e x a m p l e ,   i f   b=4  and   r = 1 8 ,   t h e n   t h e  

n u m b e r   of  c h e c k   b i t s   i s   4 + @ l o g 2 1 9 @ - 1 = 8 .   T h u s ,   a  

(72,   64)  SEC-S4BED  code   i s   e s t a b l i s h e d .   H e r e ,   (n,   k )  

i s   d e f i n e d   b y  

n:  t h e   n u m b e r   of   b i t s   p e r   one  c o d e w o r d  

a n d  

k:  t h e   n u m b e r   of   d a t a   b i t s   p e r   o n e  

c o d e w o r d .   A l s o ,   i f   b=4  and  r = 1 0 ,   t h e   number   of   c h e c k  

b i t s   i s   4 + @ l o g 2 1 1 @ - 1 = 7 .   T h u s ,   a  (39 ,   32)  S E C - S 4 B E D  

code   i s   e s t a b l i s h e d .  

SEC-DED-SbBED  c o d e s   a r e   d i s c l o s e d   in  S . M . R e d d y ,  

"A  C l a s s   of   L i n e a r   Codes   f o r   E r r o r   C o n t r o l   in  B y t e - p e r -  

Ca rd   O r g a n i z e d   D i g i t a l   S y s t e m s , "   IEEE  T r a n s .   C o m p u t . ,  

v o l .   C - 2 7 ,   N o .  5 ,   pp .   455  to   4 5 9 ,   May  1978  and  D u n n i n g  

and  V a r a n a s i ,   "Code  C o n s t r u c t i o n   f o r   E r r o r   C o n t r o l   i n  

By te   O r g a n i z e d   Memory  S y s t e m s , "   IEEE  T r a n s .   C o m p u t . ,  

v o l .   C - 3 2 ,   N o .  6 ,   pp.   535  to   5 4 2 ,   J u n e   1 9 8 3 .  

Wi th   Reddv  c o d e s ,  

c h e c k   b i t s   a r e   r e q u i r e d   f o r   t h e   SEC-SbBED  c o d e s ,   and  o n e  

a d d i t i o n a l   c h e c k   b i t   i s   r e q u i r e d   f o r   t h e   SEC-DED-SbBED 

c o d e s ,   a n d  

c h e c k  

b i t s   a r e   r e q u i r e d   f o r   t h e   SEC-DED-SbBED  c o d e s .  

T h e r e f o r e ,   a c c o r d i n g   t o   t h e   Reddy  c o d e s ,  

i f   b=4  and  r = 1 8 ,   t h e n   a  (73 ,   64)  SEC-DED-S4BED  c o d e  

i s   e s t a b l i s h e d .   I f   b=4  and  r = 1 0 ,   t h e n   a  (40,   3 2 )  

SEC-DED-S4BED  code   i s   e s t a b l i s h e d .  

On  t h e   o t h e r   h a n d ,   a c c o r d i n g   to   t h e   D u n n i n g  

and  V a r a n a s i   c o d e s ,   b + 2 - c h e c k   b i t s   a r e   r e q u i r e d   f o r   t h e  

SEC-SbBED  c o d e s .   In  a d d i t i o n ,   i f   b>7 ,   t h e n   b+  @ l o g 2 ( r +  

b + 1 ) / ( b + 1 ) @ + 1   c h e c k  b i t s   a r e  r e q u i r e d   f o r   t he   S E C - D E D -  

SbBED  c o d e s .   I f   b<7 ,   a  l a r g e r   n u m b e r   of  c h e c k   b i t s   a r e  

r e q u i r e d   f o r   a  d o u b l e - b i t   e r r o r   d e t e c t i o n   (DED)  a s  



c o m p a r e d   w i t h   t h e   Reddy  c o d e s .  

U n e x a m i n e d   J a p a n e s e   P a t e n t   P u b l i c a t i o n  

(Koka i )   No.  5 8 - 7 8 2 4 1 ,   p u b l i s h e d   o n  M a y   11,  1 9 8 3 ,  

d i s c l o s e s   a  (72,   64)  SEC-DED-S4BED  c o d e .  

None  of  t h e  a b o v e - m e n t i o n e d   p r i o r   a r t  

p u b l i c a t i o n s ,   h o w e v e r ,   d i s c l o s e   t h e   d e t e c t i o n   o f  

an  8 - b i t   b u r s t   e r r o r ' w i t h i n   any  two  b l o c k s   of   a  

c o d e w o r d .  

SUMMARY  OF  THE  INVENTION 

I t   i s   a  p r i n c i p a l   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n  

to  p r o v i d e   a  (72,   64)  S E C - D E D - S 4 B E D - d o u b l e - 4 - b i t   b l o c k  

b u r s t   e r r o r   d e t e c t i n g   (D4UED)  code   in  t h e   c a s e   where   b = 4  

and  an  e r r o r   c o r r e c t i n g   and  d e t e c t i n g   s y s t e m   u s i n g   t h e  

same  c o d e .  

I t   i s   a n o t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  (40,  32)  SEC-DED-S4BED-D4UED  code   in  t h e   c a s e  

w h e r e   b=4 ,   and  an  e r r o r   c o r r e c t i n g   and  d e t e c t i n g   s y s t e m  

u s i n g   t h e   same  c o d e .  

I t   i s   s t i l l   a n o t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n  

to   p r o v i d e   a  (39,   32)  SEC-DED-S4BED-D4UED  code   in   t h e  

c a s e   w h e r e   b=4,   and  an  e r r o r   c o r r e c t i n g   and  d e t e c t i n g  

' s y s t e m   u s i n g   t h e   same  c o d e .  

The  number   of  c h e c k   b i t s   of   t h e   SEC-DED-S4BED-D4UED 

c o d e s   a c c o r d i n g   to   t h e  p r e s e n t   i n v e n t i o n   i s   t h e   same  a s  

t h a t   of  t h e   p r i o r   a r t   SEC-DED-S4BED  c o d e s .   T h a t   i s ,  

t h e r e   a r e   7  b i t s   or  8  b i t s   of   c h e c k   b i t s   a c c o r d i n g  

to   t he   p r e s e n t   i n v e n t i o n .   The  e r r o r   c o r r e c t i n g   a n d  

d e t e c t i n g   s y s t e m   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n   c a n  

d e t e c t   an  e i g h t - b i t   b u r s t   e r r o r   w i t h i n   any  two  b l o c k s   i n  

a d d i t i o n   to   t h e   c o r r e c t i o n   of   s i n g l e - b i t   e r r o r s   ( S E C ) ,  

t h e   d e t e c t i o n   of  d o u b l e - b i t   e r r o r s   (DED),  and  t h e  

d e t e c t i o n   of  s i n g l e   4 - b i t   b l o c k   e r r o r s   (S4BED),   w i t h o u t  

m o d i f y i n g   t he   c o d i n g   and  d e c o d i n g   t i m e   p e r i o d   in  t h e  

p r i o r   a r t   e r r o r   c o r r e c t i n g   and  d e t e c t i n g   s y s t e m s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

The  p r e s e n t   i n v e n t i o n   w i l l   be  more  c l e a r l y  

u n d e r s t o o d   f rom  t h e   d e s c r i p t i o n   as  s e t   f o r t h   b e l o w   w i t h  



r e f e r e n c e   t o   t h e   a c c o m p a n y i n g   d r a w i n g s ,   w h e r e i n :  

F i g s .   1  t h r o u g h   3  a r e   d i a g r a m s   of   p a r i t y   c h e c k  

H - m a t r i x e s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   4  i s   a  b l o c k   d i a g r a m   of  a  f i r s t   e m b o d i m e n t  

of  t h e   e r r o r   c o r r e c t i n g   and  d e t e c t i n g   s y s t e m   a c c o r d i n g   t o  

the   p r e s e n t   i n v e n t i o n ;  

F i g . ' 5   i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e   c h e c k  

b i t   g e n e r a t i n g  c i r c u i t   of  F i g .   4 ;  

F i g .   6  i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e  

s y n d r o m e   g e n e r a t i n g   c i r c u i t   of  F i g .   4 ;  

F i g .   7  i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e  

s y n d r o m e   d e c o d i n g   c i r c u i t   and  t h e   d a t a   c o r r e c t i n g  

c i r c u i t   o f   F i g .   4 ;  

F i g .   8  i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e   e r r o r  

d e t e c t i n g   c i r c u i t   of  F i g .   4 ;  

F i g .  9   i s   a  b l o c k   d i a g r a m   of  a  s e c o n d  

e m b o d i m e n t   of   t h e   e r r o r   c o r r e c t i n g   and  d e t e c t i n g   s y s t e m  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   10  i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e  

c h e c k   b i t   g e n e r a t i n g   c i r c u i t   of  F i g .   9 ;  

F i g .   11  i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e  

s y n d r o m e   g e n e r a t i n g   c i r c u i t   of  F i g .   9 ;  

F i g .   12  i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e  

s y n d r o m e   d e c o d i n g   c i r c u i t   and  t h e   d a t a   c o r r e c t i n g  

c i r c u i t   o f   F i g .   9 ;  

F i g .   13  i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e  

e r r o r   d e t e c t i n g   c i r c u i t   of  F i g .   9 ;  

F i g .   14  i s   a  b l o c k   d i a g r a m   of  a  t h i r d  

e m b o d i m e n t   of   t h e   e r r o r   c o r r e c t i n g   and  d e t e c t i n g   s y s t e m  

a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   15  i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e  

c h e c k   b i t   g e n e r a t i n g   c i r c u i t   of  F i g .   1 4 ;  

F i g .   16  i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e  

s y n d r o m e   g e n e r a t i n g   c i r c u i t   of  F i g .   1 4 ;  

F i g .   17  i s   a  l o g i c   c i r c u i t   d i a g r a m   of   t h e  

s y n d r o m e   d e c o d i n g   c i r c u i t   and  t h e   d a t a   c o r r e c t i n g  

c i r c u i t   o f   F i g .   14;  a n d  



F i g .   18  i s   a  l o g i c   c i r c u i t   d i a g r a m   of  t h e  

e r r o r   d e t e c t i n g   c i r c u i t   of  F i g .   1 4 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

The  p a r a m e t e r s   u s e d   in  t he   c o d i n g   t h e o r y   a c c o r d i n g  

to  t h e   p r e s e n t   i n v e n t i o n   a re   d e f i e n d   as   f o l l o w s .  

b:  n u m b e r   of   b i t s   w i t h i n   o n e   b l o c k ;  

r:   n u m b e r   of  b l o c k s   w i t h i n   one   c o d e w o r d ;  

n:  n u m b e r   of   b i t s   w i t h i n   one   c o d e w o r d ;  

c:  n u m b e r   of  c h e c k   ( r e d u n d a n c y )   b i t s   w i t h i n  

one  c o d e w o r d ;   a n d  

k:  n u m b e r   of  d a t a   b i t s   w i t h i n   one   c o d e w o r d .  

T h e r e f o r e ,   n = b r = c + k .   As  i s   w e l l   k n o w n ,   a  l i n e a r  

b i n a r y   e r r o r   c o r r e c t i o n   code  can  be  r e p r e s e n t e d   by  a  

p a r i t y   c h e c k   H - m a t r i x .   The  p a r i t y   c h e c k   H - m a t r i x   i s  

g i v e n   by  a  c - r o w ,   n - c o l u m n   m a t r i x   w h e r e   t h e   e l e m e n t s   a r e  

0  and  1,  i . e . ,  

The  H - m a t r i x   in  f o r m u l a   (1)  d e f i n e s   t h e   r u l e s   o r  

" g r a m m a r "   f o r   a d d i n g   r e d u n d a n c y .   The  n u m b e r   of  r o w s  

c o r r e s p o n d s   to   t h e   number   of  c h e c k   b i t s ,   and   t he   n u m b e r  

of  c o l u m n s   c o r r e s p o n d s   to   t he   c o d e w o r d  l e n g t h ,   i . e . ,   t h e  

n u m b e r   o f   b i t s   w i t h i n   one  c o d e w o r d .   H e r e ,   a  c o d e w o r d   i s  

d e f i e n d   by  T = T ( t 1 ,   t 2  ,   . . . ,   t n ) ,   t h e n  

The  f o r m u l a   (2)  d e f i n e s   a  c o d i n g   r u l e .   N o t e   t h a t   t  m e a n s  

t r a n s p o s i t i o n .  

In  a d d i t i o n ,   i f   a  t e s t e d   c o d e w o r d   i s   d e f i n e d   a s  

R = R ( R 1  ,   R 2 ,   . . . ,   rn)  and  an  e r r o r   p a t t e r n   p o s i t i o n  

is   d e f i e n d   as  E = E ( e 1  ,   e 2 ,   . . . ,   e n ) ,   t h e n  

A  s y n d r o m e   S  i s   g i v e n   f rom  t he   f o r m u l a   (2)  b y  



T h e r e f o r e ,   i f   SLO,  t h e n   no  e r r o r   i s   g e n e r a t e d ,   w h i l e  

i f   S=O,  t h e n   e r r o r s   a r e   g e n e r a t e d .   A l s o ,   an  e r r o r   i s  

c o r r e c t e d   by  T = R ⊕  E   o b t a i n e d   f rom  t h e   f o r m u l a   ( 4 ) .  

F o r   e x a m p l e ,   r e g a r d i n g   a  s i n g l e - b i t   e r r o r ,   a  s y n d r o m e   S 

f o r   b i t   p o s i t i o n   i  i s   g i v e n   by  t h e   i - t h   c o l u m n   of  t h e  

H - m a t r i x .   T h i s   d e f i n e s   a  d e c o d i n g   r u l e .  

The  c o l u m n   v e c t o r s   of  t h e   H - m a t r i x   a c c o r d i n g   t o  

t h e   p r e s e n t   i n v e n t i o n   s h o u l d   s a t i s f y   t h e   f o l l w o i n g  
c o n d i t i o n s   (i)  to   ( v i i ) .  

(i)  T h e r e   a r e   no  a l l   "0"  v e c t o r s .  

( i i )   A l l   t h e   c o l u m n   v e c t o r s   a r e   d i f f e r e n t   f rom  e a c h  

o t h e r .  

( i i i )   T h e r e   a r e   o n l y   c  n u m b e r   of   c o l u m n   v e c t o r s  

h a v i n g   o n l y   one  " 1 " .  

( iv )   Each   c o l u m n   v e c t o r   has   an  odd   n u m b e r   of  " 1 ' s " .  

T h a t   i s ,   e a c h   c o l u m n   v e c t o r   i s   an  o d d - w e i g h t   v e c t o r .  

(v)  The  s i n g l e   co lumn   v e c t o r   o b t a i n e d   by  t h e  

m o d u l o - 2   sum  of   b i t s   of  t h e   t h r e e   c o l u m n   v e c t o r s   o f  

any   ( 4 )   c o m b i n a t i o n   of  t h e   f o u r   c o l u m n   v e c t o r s   i n  

any  b l o c k   does   n o t   c o i n c i d e   w i t h   a  c o l u m n   v e c t o r   o f  
t h e   H - m a t r i x .  

(v i )   The  s i n g l e   co lumn   v e c t o r   o b t a i n e d   by  t h e  

m o d u l o - 2   sum  of  b i t s   of  t h e   f o u r   c o l u m n   v e c t o r s   of  a n y  
b l o c k   i s   n o t   t h e   a l l   "0"  v e c t o r .  

( v i i )   The  s i n g l e   co lumn  v e c t o r   o b t a i n e d   by  t h e  

m o d u l o - 2   sum  of  b i t s   of  t h e   e i g h t   c o l u m n   v e c t o r s   of  a n y  
two  b l o c k s   i s   n o t   t h e   a l l   "0"  v e c t o r .  

The  c o n d i t i o n s   ( i ) ,   ( i i ) ,   ( i i i ) ,   and  ( iv)   a r e  

s a t i s f i e d   by  t h e   SEC-DED  c o d e s   a c c o r d i n g   to  t h e  

M.Y.  H s i a o   t h e o r y .   In  a d d i t i o n ,   s i n c e   t h e   m o d u l o - 2   s u m  

of   any  t h r e e   o d d - w e i g h t   v e c t o r s   i s   a l w a y s   an  o d d - w e i g h t  

v e c t o r ,   t h i s   m o d u l o - 2   sum  n e v e r   e q u a l s   t h e   a l l   " 0 "  

v e c t o r .   T h e r e f o r e ,   i f   c o n d i t i o n   (V)  i s   s a t i s f i e d ,  

a  t r i p l e - b i t   e r r o r   w i t h i n   any  b l o c k   c a n   be  d e t e c t e d .  

F u r t h e r ,   s i n c e   t h e   m o d u l o - 2   sum  of  any  f o u r   o d d - w e i g h t  

v e c t o r s   i s   a l w a y s   an  e v e n - w e i g h t   v e c t o r ,   i n c l u d i n g   t h e  



a l l   "0"  v e c t o r ,   i f   c o n d i t i o n   (v i )   i s   s a t i s f i e d ,   a  

q u a d r u p l e - b i t   e r r o r   w i t h i n   any  b l o c k   can  be  d e t e c t e d .  

S t i l l   f u r t h e r ,   s i n c e   t h e   m o d u l o - 2   sum  of  any  e i g h t  

o d d - w e i g h t   v e c t o r s   i s   a l w a y s   an  e v e n - w e i g h t   v e c t o r ,  

i n c l u d i n g   t h e   a l l   "0"  v e c t o r ,   i f   c o n d i t i o n   ( v i i )   i s  

s a t i s f i e d   an  e i g h t - b i t   b u r s t   e r r o r   w i t h i n   any  two  b l o c k s  

can   be  d e t e c t e d .  

The  d e t e r m i n a t i o n   of   c o l u m n   v e c t o r s   s a t i s f y i n g   t h e  

c o n d i t i o n s   ( i )   t o   ( v i i )   w i l l   now  be  e x p l a i n e d .   T h e  

n u m b e r   of  o d d - w e i g h t   c o l u m n   v e c t o r s   i s   g i v e n   b y  

w h e r e   λ  i s   an  odd  n u m b e r   n o t   l a r g e r   t h a n   c .  

In  t h e   c a s e   w h e r e   c = 8 ,   t h e   n u m b e r   of  o d d - w e i g h t  

c o l u m n   v e c t o r s   i s  

In  t he   c a s e   w h e r e   c = 7 ,   t h e   n u m b e r   of  o d d - w e i g h t  
c o l u m n   v e c t o r s   i s  

For   c o n d i t i o n s   ( i ) ,   ( i i ) ,   ( i i i ) ,   and  ( i v ) ,   any  o f  

t h e   o d d - w e i g h t   c o l u m n   v e c t o r s   can   be  u s e d .   H o w e v e r ,  
s i n c e   t h e   t o t a l   n u m b e r   of   " l ' s "   in   t h e   H - m a t r i x   s h o u l d  

be  a  min imum,   f o r   e x a m p l e ,   72  o d d - w e i g h t   c o l u m n   v e c t o r s  

a r e   s e l e c t e d   f r o m   t h e   c o m b i n a t i o n s   (81),   (83) ,   a n d  ( 8 5 ) ,  

in  t h a t   o r d e r ,   in   t h e   c a s e   of  c = 8 ,   a n d  ,   f o r   e x a m p l e ,  

39  o d d - w e i g h t   c o l u m n   v e c t o r s   a r e   s e l e c t e d   f rom  t h e  

c o m b i n a t i o n s  ( 7 1 )   a n d  ( 7 ) ,   in  t h a t   o r d e r ,   in   t h e   c a s e  



of  c = 7 .  

N o t e   t h a t   when   t h e   t o t a l   n u m b e r   of  " 1 ' s "   i n  

t h e   H - m a t r i x   i s   a  m i n i m u m ,   t h e   t o t a l   number   of  g a t e s  
u s e d   in  t h e   c h e c k   b i t   g e n e r a t i n g   c i r c u i t   and  t he   s y n d r o m e  

g e n e r a t i n g   c i r c u i t   ( s e e :   F i g s .   5  and  6)  i s   a l s o   a  

min imum,   t h e r e b y   r e d u c i n g   t he   c h e c k   b i t   g e n e r a t i n g   t i m e  

p e r i o d   and  t h e   s y n d r o m e   g e n e r a t i n g   t i m e   p e r i o d   and  a l s o  

m i n i m i z i n g   t h e   f a i l u r e   r a t e   of  t h e   c i r c u i t s .  

T h u s ,   an  i n i t i a l   H - m a t r i x   w h i c h   s a t i s f i e s  

c o n d i t i o n s   ( i)   to   ( i v )   i s   e s t a b l i s h e d .   Then,   i t   i s  

v e r i f i e d   w h e t h e r   t h e   c o l u m n   v e c t o r s   t h u s   e s t a b l i s h e d  

s a t i s f y   a l l   c o n d i t i o n s   (V),   ( V i ) ,   and  ( V i i ) .   I f   a  c o l u m n  

v e c t o r   d o e s   n o t   s a t i s f y   t h e s e   c o n d i t i o n s ,   such  a  c o l u m n  

v e c t o r   i s   s w a p p e d   w i t h   a  c o l u m n   v e c t o r   of  a n o t h e r   b l o c k  

or  a n o t h e r   c o l u m n   v e c t o r   w i t h i n   t h e   i n i t i a l   H - m a t r i x .  

Such  a  s w a p p i n g   p r o c e s s   i s   c o n t i n u e d   u n t i l   a l l   t h e  

co lumn  v e c t o r s   of   t h e   H - m a t r i x   s a t i s f y   t he   c o n d i t i o n s  

(V),  ( V i ) ,   and  ( V i i ) .  

I t   i s   m o s t   e f f e c t i v e   to   e x e c u t e   t he   s w a p p i n g  

p r o c e s s   by  u s i n g   a  c o m p u t e r .  

E x a m p l e s   o f   t h e   H - m a t r i x   of  t h e   code  a c c o r d i n g  

t o   t he   p r e s e n t   i n v e n t i o n   a r e   i l l u s t r a t e d   in  F i g .   1,  2 ,  

and  3.  T h a t   i s ,   F i g .   1  r e p r e s e n t s   t h e   H - m a t r i x   of  a  

(72,  64)  SEC-DED-S4BED-D4UED  c o d e ,   F i g .   2  r e p r e s e n t s  

t he   H - m a t r i x   of  a  ( 4 0 ,   32)  SEC-DED-S4BED-D4UED  c o d e ,  

and  F i g .   3  r e p r e s e n t s   t h e   H - m a t r i x   of  a  (39,  32)  

SEC-DED-S4BED-D4UED  c o d e .  

In  F i g .   4,  w h i c h   i s   a  f i r s t   e m b o d i m e n t   of  t h e  

p r e s e n t   i n v e n t i o n   u s i n g   t h e   H - m a t r i x   of  F i g .   1,  r e f e r e n c e  

n u m e r a l   1  d e s i g n a t e s   a  6 4 - b i t   w r i t e   d a t a   l i n e   w h i c h   i s  

l i n k e d   b e t w e e n   a  c e n t r a l   p r o c e s s i n g   u n i t   (CPU,  n o t  

shown)  and  a  m u l t i p l e x e r   2.  A l s o ,   c o n n e c t e d   to  t h e  

m u l t i p l e x e r   2  i s   a  c o r r e c t e d   memory  r e a d   d a t a   l i n e   1 8 .  

The  m u l t i p l e x e r   2  m u l t i p l e x e s   t h e   w r i t e   d a t a   l i n e   1  a n d  

t h e   c o r r e c t e d   memory  r e a d   d a t a   l i n e   18  and  c o n n e c t s   o n e  

of  t he   l i n e s   to   a  6 4 - b i t   w r i t e   d a t a   l i n e   3  wh ich   i s  

c o n n e c t e d   to   a  c h e c k   b i t   g e n e r a t i n g   c i r c u i t   4  and  to   a  



w r i t e   d a t a   r e g i s t e r   6.  The  w r i t e   d a t a   r e g i s t e r   6  a l s o  

r e c e i v e s   8  c h e c k   b i t s   f rom  t h e   c h e c k   b i t   g e n e r a t i n g  

c i r c u i t   4  v i a   an  8 - b i t   c h e c k   b i t   l i n e   5.  The  7 2 - b i t  

c o d e w o r d   f o r m e d   by  64  d a t a   b i t s   and  8  c h e c k   b i t s   a r e  

w r i t t e n   i n t o   a  memory  u n i t   7,  w h i l e   t h e   c o d e w o r d   s t o r e d  

in  t he   memory  u n i t   7  i s   r e a d   and   t r a n s m i t t e d   to   a  r e a d  

d a t a   r e g i s t e r   8.  The  r e a d   d a t a   r e g i s t e r   8  t r a n s m i t s  

b o t h   of  t h e   64  d a t a   b i t s   and   8  c h e c k   b i t s   v i a   a  6 4 - b i t  

memory  r e a d   d a t a   l i n e   16  and   an  8 - b i t   r e a d   c h e c k   b i t  

l i n e   9 - t o   a  s y n d r o m e   g e n e r a t i n g   c i r c u i t   10.  The  s y n d r o m e  

g e n e r a t i n g   c i r c u i t   10  g e n e r a t e s   8  s y n d r o m e   b i t s   a n d  

t r a n s m i t s   them  v i a   an  8 - b i t   s y n d r o m e   l i n e   11  to  a  

s y n d r o m e   d e c o d i n g   c i r c u i t   12  and  an  e r r o r   d e t a c t i n g  

c i r c u i t   13.  The  e r r o r   d e t e c t i n g   c i r c u i t   13  a l s o   r e c e i v e s  

t h e   d e c o d i n g   r e s u l t s   of  t h e   s y n d r o m e   d e c o d i n g   c i r c u i t   12 

v i a   a  d e c o d i n g   l i n e   15.  R e f e r e n c e   n u m e r a l   14  d e s i g n a t e s  

an  e r r o r   s i g n a l   l i n e   w h i c h   i s   c o n n e c t e d   to  t h e   CPU.  T h e  

d e c o d i n g   r e s u l t s   a r e   a l s o   t r a n s m i t t e d   v i a   t h e   d e c o d i n g  

l i n e   15  to   a  d a t a   c o r r e c t i n g   c i r c u i t   17,  w h i c h   r e c e i v e s  

t he   64  d a t a   b i t s   v i a   t h e   m e m o r y   r e a d   d a t a   l i n e   1 6 .  

A  memory  w r i t e / r e a d   c o n t r o l   c i r c u i t   19 

c o n t r o l s   t h e   m u l t i p l e x e r   2,  t h e   w r i t e   d a t a   r e g i s t e r   6 ,  

t he   r e a d   d a t a   r e g i s t e r   8,  and   t h e   l i k e .  

D u r i n g   a  w r i t e   m o d e ,   t h e   6 4 - b i t   w r i t e   d a t a  

t r a n s m i t t e d   f rom  t h e   u n i t   (CPU)  i s   t r a n s m i t t e d   v i a   t h e  

m u l t i p l e x e r   2  to   t h e   c h e c k   b i t   g e n e r a t i n g   c i r c u i t   4 

w h i c h   p r o d u c e s   c h e c k   b i t s   C0  to   C7  (8  b i t s ) .   T h e s e  

c h e c k   b i t s   and  t h e   w r i t e   d a t a   a r e   c o m b i n e d   to   p r o d u c e  

a  7 2 - b i t   c o d e w o r d   w h i c h   i s   w r i t t e n   v i a   t h e   w r i t e   d a t a  

r e g i s t e r   6  i n t o   t h e   memory  u n i t   7.  T h u s ,   a  w r i t e  

o p e r a t i o n   i s   c o m p l e t e d .  

N e x t ,   d u r i n g   a  r e a d   m o d e ,   72  b i t s   of  t h e  

s t o r e d   c o d e w o r d   a r e   r e a d   and   a r e   s t o r e d   t e m p o r a r i l y   i n  

t he   r e a d   d a t a   r e g i s t e r   8.  The  d a t a   b i t s   and  t he   c h e c k  

b i t s   of  t h i s   c o d e w o r d   a r e  t r a n s m i t t e d   to   t h e   s y n d r o m e  

g e n e r a t i n g   c i r c u i t   10,  w h i l e   o n l y   t h e   d a t a   b i t s   a r e  

t r a n s m i t t e d   to   t h e   d a t a   c o r r e c t i n g   c i r c u i t   17.  In  t h e  



s y n d r o m e   g e n e r a t i n g   c i r c u i t   10,   in   t h e   same  way  as  t h e  

c h e c k   b i t   g e n e r a t i n g   c i r c u i t   4  g e n e r a t e s   c h e c k   b i t s ,   8 

c h e c k   b i t s   a r e   p r o d u c e d   f r o m   t h e   r e a d   d a t a .   T h e s e   c h e c k  

b i t s   a r e   c o m p a r e d   w i t h   t h e   r e a d   c h e c k   b i t s ,   so  as  t o  

p r o d u c e   8  s y n d r o m e   b i t s   SO  to  S7.  As  a  r e s u l t   of  t h e  

c o m p a r i s o n ,   i f   t h e   b i t s   o f   t h e   s y n d r o m e   b i t s   SO  to  S7 

a r e   a l l   " 0 " ,   no  e r r o r   h a s   b e e n   o c c u r r e d ,   w h i l e   i f   one  o r  

more   of  t he   s y n d r o m e   b i t s   a r e   " 1 " ,   t h e   p r e s e n c e   of  e r r o r s  

can   be  d e t e c t e d .  

The  s y n d r o m e   b i t s   SO  to  57  a r e   t r a n s m i t t e d  

to  t h e   s y n d r o m e   d e c o d i n g   c i r c u i t   12.  In  t h e   s y n d r o m e  

d e c o d i n g   c i r c u i t   12 ,   t h e   s y n d r o m e   b i t s   SO  to   S7  a r e  

i n p u t   to  a  d e c o d e r .   I f   a  s i n g l e - b i t   e r r o r   i s   g e n e r a t e d ,  
t h i s   d e c o d e r   g e n e r a t e s   an  o u t p u t   s h o w i n g   t h e   l o c a t i o n  

of  t h i s   e r r o r .   T h i s   o u t p u t   i s   t r a n s m i t t e d   to  t h e   d a t a  

c o r r e c t i n g   c i r c u i t   17  i n   w h i c h   t h e   e r r o r   b i t   of  t h e   r e a d  

d a t a   t r a n s m i t t e d   f r o m   t h e   r e a d   d a t a   r e g i s t e r   8  i s  

i n v e r t e d .  

The  d a t a   b i t s   c o r r e c t e d   by  t h e   d a t a   c o r r e c t i n g  

c i r c u i t   17  a r e   t r a n s m i t t e d   to   t h e   CPU  on  t h e   one  h a n d  

and  a r e   r e t u r n e d   to   t h e   m u l t i p l e x e r   2  f o r   r e w r i t i n g  

i n t o   t h e   memory  u n i t   7  on  t h e   o t h e r .   Such  a  r e w r i t i n g  

o p e r a t i o n   i s   c a r r i e d   o u t   by  t h e   memory  w r i t e / r e a d  

c o n t r o l   c i r c u i t   19,   w h e n   t h e   c i r c u i t   19  r e c e i v e s   a  

s i n g l e - b i t   e r r o r   s i g n a l   SBE  f r o m   t h e   e r r o r   d e t e c t i n g  

c i r c u i t   1 3 .  

For   a  c l a s s i f i c a t i o n   of  s i n g l e - b i t   e r r o r s ,  

or   d o u b l e - b i t   e r r o r s ,   a  s i g n a l   s h o w i n g   t h e   e r r o r   b i t  

l o c a t i o n   and  t h e   s y n d r o m e   b i t s   SO  to   S7  a r e   t r a n s m i t t e d  

to   t h e   e r r o r   d e t e c t i n g   c i r c i u t   13,  w h i c h   d e t e r m i n e s  

w h e t h e r   c o r r e c t i o n   c a n   be  c a r r i e d   o u t .   The  r e s u l t   i s  

t r a n s m i t t e d   to  t h e   CPU.  A l s o ,   when  a  s i n g l e - b i t   e r r o r  

i s   d e t e c t e d ,   a  c o r r e c t e d   c o d e w o r d   i s   r e w r i t t e n   i n  

t h e   memory  u n i t   7  by  t h e   memory  w r i t e / r e a d   c o n t r o l  

c i r c u i t   19,  as  e x p l a i n e d   a b o v e .  

In  t h i s   e m b o d i m e n t ,   n o t e   t h a t   a  s i n g l e - b i t  

e r r o r   of  t h e   c h e c k   b i t s   in   t h e   r e a d   d a t a   i s   n o t   c o r r e c t e d  



in   t h e   d a t a   c o r r e c t i n g   c i r c u i t   1 7 .  

The  c h e c k   b i t   g e n e r a t i n g   c i r c u i t   4  w i l l   now 

be  e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g .   5.  Each   g a t e   o f  

t h i s   f i g u r e   i s   an  e x c l u s i v e   OR  c i r c u t .   The  c h e c k   b i t  

CO  is   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s  

c o r r e s p o n d i n g   to  t h e   "1"  e l e m e n t s   of  t h e   f i r s t   row  o f  

t h e ' H - m a t r i x   i l l u s t r a t e d   in  F i g .   1.  T h a t   i s ,   t h e   c h e c k  

b i t  C O   is   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s  

D01,  D08,  D12  to  D15,  D17,  D23,   D25,  D27,   D33,  D35,  D39 

to   D46,  D50,  D52,  D57,  D58,  D61,   and  D62.  S i m i l a r l y ,  

t h e   c h e c k   b i t   Cl  is   p r o d u c e d   by  t h e   m o d u l o - 2   sum  o f  

t h e   d a t a   b i t s   c o r r e s p o n d i n g   t o   t h e   "1"  e l e m e n t s   of  t h e  

s e c o n d   row  of  t he   H - m a t r i x   i l l u s t r a t e d   in  F i g .   1.  T h a t  

i s ,   t h e   c h e c k   b i t   Cl  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  o f  

t h e - d a t a   b i t s   D02,  D03,  D06,  D08  to   D13,  D17,  D19,  D 2 1 ,  

D 2 6  t o   D28,  D31,  D37,  D38,  D40,   D43,  D49,  D51,  D52,  D 5 4 ,  

D55,   and  D60.  A l s o ,   t h e   c h e c k   b i t   C7  i s   p r o d u c e d   by  t h e  

m o d u l o - 2   sum  of  t he   d a t a   b i t s   c o r r e s p o n d i n g   to   t h e   " 1 "  

e l e m e n t s   of  t h e   e i g h t h   row  of  t h e   H - m a t r i x   i l l u s t r a t e d  

in   F i g .   1.  T h a t   i s ,   t h e   c h e c k   b i t   C7  i s   p r o d u c e d   by  t h e  

m o d u l o - 2   sum  of  t h e   d a t a   b i t s   D02,   D07,  D l l ,   D13,  D 1 6 ,  

D20,   D21,  D24,  D25,  D29  to   D32,   D35  to   D39,  D44,  D 4 8 ,  

D51,   D55,  D56,  D57,  D61,  and  D 6 2 .  

The  s y n d r o m e   g e n e r a t i n g   c i r c u i t   10  w i l l   now  b e  

e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g .   6.  Each   g a t e   of  t h i s  

f i g u r e   i s   a l s o   an  e x c l u s i v e   OR  c i r c u i t .   The  s y n d r o m e  

b i t   SO  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s  

c o r r e s p o n d i n g   to  t h e   "1"  e l e m e n t s   of   t h e   f i r s t   row  o f  

t h e   H - m a t r i x   i l l u s t r a t e d   in  F i g .   1,  i n c l u d i n g   t h e   c h e c k  

b i t   C0.  T h a t   i s ,   t h e   s y n d r o m e   b i t   SO  i s   p r o d u c e d   by  t h e  

m o d u l o - 2   sum  of  t he   d a t a   b i t s   D01,   D08,  D12  to   D15,  D 1 7 ,  

D23,   D25,  D27,  D33,  D35,  D39  to   D46,  D50,  D52,  D57,  D 5 8 ,  

D61,   D62,  and  t h e   c h e c k   b i t   C0.  S i m i l a r l y ,   t h e   s y n d r o m e  

b i t   Sl  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s  

c o r r e s p o n d i n g   t o  t h e   "1"  e l e m e n t s  o f   t h e   s e c o n d   r o w  o f  

t h e   H - m a t r i x   i l l u s t r a t e d   in  F i g .   1,  i n c l u d i n g   t h e   c h e c k  

b i t   Cl .   T h a t   i s ,   t h e   s y n d r o m e   b i t   Sl  i s   p r o d u c e d   by  t h e  



m o d u l o - 2   sum  of  t h e   d a t a   b i t s   D02,   D03,  D06,  D08  to  D 1 3 ,  
D17,  D19,  D21,  D26  to  D28,  D31,   D37,   D38,  D40,  D43,  D 4 9 ,  

D51,  D52,  D54,  D55,  D60,  and  t h e   c h e c k   b i t   C l .   A l s o ,  
t h e   s y n d r o m e   b i t   S7  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum 
of  t h e   d a t a   b i t s   c o r r e s p o n d i n g   t o   t h e   "1"  e l e m e n t s   o f  
t h e   e i g h t h   row  of  t he   H - m a t r i x   i l l u s t r a t e d   in  F i g .   1 ,  

i n c l u d i n g   t h e   c h e c k   b i t   C7.  T h a t   i s ,   t h e   s y n d r o m e   b i t  

S7  i s   p r o d u c e d   by  t he   m o d u l o - 2   sum  of  t h e   d a t a   b i t s   D 0 2 ,  

D07,  D l l ,   D13,  D16,  D20,  D21,   D24,   D25,  D29  to  D32,  D35 

to   D39,  D44,  D48,  D51,  D55,  D56,   D57,   D61,  D62,  and  t h e  

c h e c k   b i t   C 7 .  

I f   no  e r r o r   is   o c c u r r e d   in   t h e   r e a d   c o d e w o r d ,  
t h e   s y n d r o m e   b i t s   SO  to  S7  a r e   a l l   " 0 " .   T h a t   i s ,   t h e  

s y n d r o m e   i s   t h e   a l l   "0"  v e c t o r .   C o n t r a r y   to   t h i s ,   i f  

o n e   or  more  e r r o r s   a re   o c c u r r e d ,   a t   l e a s t   one  of  t h e  

s y n d r o m e   b i t s   SO  to  S7  i s   " 1 " .   T h a t   i s ,   t h e   s y n d r o m e  
i s   n o t   t h e   a l l   "0"  v e c t o r .  

I f   t h e   f i r s t   d a t a   b i t   D01  i s   e r r o r o u s ,   t h e n  

t h e   s y n d r o m e   b i t s   SO  t h r o u g h   S7  a r e   ( 1 0 1 0 0 1 0 0 )   w h i c h   i s  

t h e   f i r s t   c o l u m n   of  t he   H - ' m a t r i x   i l l u s t r a t e d   in  F i g .   1 .  

T h a t   i s ,   t h e   s y n d r o m e   b i t s   SO  t h r o u g h   S7  r e p r e s e n t   t h e  

- l o c a t i o n   of  a  s i n g l e - b i t   e r r o r .  

The  s y n d r o m e   d e c o d i n g   c i r c u i t   12  and  t h e  

d a t a   c o r r e c t i n g   c i r c u i t   17  w i l l   now  be  e x p l a i n e d   w i t h  

r e f e r e n c e   to  F i g .   7.  In  F i g .   7,  t h e   s y n d r o m e   d e c o d i n g  

c i r c c u i t   12  i n c l u d e s   e i g h t - i n p u t   g a t e   c i r c u i t s   1 2 0 1  

t h r o u g h   1272  w h i c h   c o r r e s p o n d   t o   t h e   d a t a   b i t s   D01 

t h r o u g h   D64  and  the   c h e c k   b i t s   CO  t h r o u g h   C7.  E a c h  

of  t h e   e i g h t - i n p u t   g a t e   c i r c u i t s   s e r v e s   as  a  d e c o d e r .  

No te   t h a t   s u c h   a  c h e c k   b i t   e r r o r   i s   c o r r e c t e d   by  t h e  

r e p r o d u c t i o n   of   c h e c k   b i t s   when  a  r e w r i t i n g   o p e r a t i o n  

f o r   a  s i n g l e - b i t   e r r o r   of  t h e   d a t a   b i t s   i s   c a r r i e d   o u t .  

The  d a t a   c o r r e c t i n g   c i r c u i t   17  i n c l u d e s   64 

e x c l u s i v e   OR  c i r c u i t s   1701  t h r o u g h   1 7 6 4 ,   w h i c h   c o r r e -  

s p o n d   to  t h e   6-4  d a t a   b i t s .   I f   t h e   s y n d r o m e   b i t s   SO 

to  S7  ( 1 0 1 0 0 1 0 0 )   a re   a p p l i e d   t o   t h e   s y n d r o m e   d e c o d i n g  

c i r c u i t   12,  t h e   g a t e   c i r c u i t   1201  of   t h e   s y n d r o m e  



d e c o d i n g   c i r c u i t   12  g e n e r a t e s   an  e r r o r   b i t   s i g n a l   EB01 

s h o w i n g   t h a t   t h e   l o c a t i o n   of  an  e r r o r   b i t   i s   t h e   f i r s t  

c o l u m n   c o r r e s p o n d i n g   to  t h e   d a t a   b i t   D01,   so  as  t o  

i n v e r t   t h e   d a t a   MRD01  f rom  t h e   r e a d   d a t a   r e g i s t e r   8 ,  

t h e r e b y   c a r r y i n g   ou t   a  c o r r e c t i n g   o p e r a t i o n .   T h u s ,  

c o r r e c t e d   d a t a   MCRD01  is  p r o d u c e d .   S u c h   c o r r e c t e d   d a t a  

MCRD01  i s   r e w r i t t e n   i n t o  t h e   memory   u n i t   7  by  t h e   m e m o r y  
w r i t e / r e a d   c o n t r o l   c i r c u i t   19,  w h i c h   w i l l   be  e x p l a i n e d  

in   d e t a i l   l a t e r .  

The  e r r o r   d e t e c t i n g   c i r c u i t   13  w i l l   now  b e  

e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g .   8.  In  F i g .   8,  r e f e r e n c e  

n u m e r a l   1301  t h r o u g h   1310  d e s i g n a t e   e i g h t - i n p u t   OR 

c i r c u i t s ,   1311  a  n i n e - i n p u t   OR  c i r c u i t ,   and  1312  a  

t w o - i n p u t   g a t e   c i r c u i t ,   SBE  a  s i n g l e - b i t   e r r o r   s i g n a l ,  

and  MBE  a  m u l t i p l e - b i t   e r r o r   s i g n a l .  

When  a  s i n g l e - b i t   e r r o r   i s   o c c u r r e d ,   o n l y   o n e  

of   t h e   e r r o r   b i t   s i g n a l s   EB01  to   EB64  and  EBCO  to  EBC7 

b e c o m e s   h i g h .   As  a  r e s u l t ,   o n l y   one   of   t h e   OR  c i r c u i t s  

1301  to   1309  g e n e r a t e s   a  h i g h   l e v e l   s i g n a l ,   a n d ,   a c c o r d -  

i n g l y ,   t h e   OR  c i r c u i t   1311  g e n e r a t e s   t h e   s i n g l e - b i t  

e r r o r   s i g n a l   SBE,  w h i l e   t h e   g a t e   c i r c u r t   1312  d o e s   n o t  

g e n e r a t e   a  m u l t i p l e - b i t   e r r o r   s i g n a l   MBE. 

When  a  s p e c i a l   m u l t i p l e - b i t   e r r o r   i s   g e n e r a t e d ,  

t h e   OR  c i r c u i t   1311  does   n o t   g e n e r a t e   a  s i n g l e - b i t   e r r o r  

s i n g n a l   SBE,  w h i l e   t h e   g a t e   c i r c u i t   1312  g e n e r a t e s   a  

m u l t i p l e - b i t   e r r o r   s i g n a l   MBE.  S u c h   a  s p e c i a l   m u l t i p l e -  

b i t   e r r o r   w i l l   be  e x p l a i n e d   n o w .  

I f   two  d a t a   b i t s   s u c h   as   D01  and  D02  a r e  

s i m u l t a n e o u s l y   e r r o n e o u s ,   t h e   s y n d r o m e   b i t s   SO  to  S7  a r e  

( 1 1 1 0 0 0 0 1 ) .   T h a t   i s ,   t he   s y n d r o m e   i s   an  e v e n - w e i g h t  

v e c t o r .   In  a d d i t i o n ,   s i n c e   s u c h   two  d a t a   b i t s   a r e  

d i f f e r e n t   f rom  e a c h   o t h e r ,   t h e   s y n d r o m e   i s   n o t   t h e   a l l  

"0"  v e c t o r .   T h e r e f o r e ,   t h e   s y n d r o m e   d o e s   n o t   c o i n c i d e  

w i t h   any  c o l u m n   v e c t o r s   of  t h e   H - m a t r i x ,   w h i c h   c o l u m n  

v e c t o r s   a r e   o d d - w e i g h t   v e c t o r s .   As  a  r e s u l t ,   t h i s  

s y n d r o m e   c a n n o t   be  d e c o d e d   by  any   g a t e   c i t c u i t s   1 2 0 1  

t h r o u g h   1272  of  t h e   s y n d r o m e   d e c o d i n g   c i r c u i t   1 2 ,  



so  t h a t   a l l   t h e   e r r o r   b i t   s i g n a l s   EB01  t h r o u g h   EB64 

and  EBCO  t h r o u g h   EBC7  a r e   a t   a  low  l e v e l .   T h u s ,  
t h e   s i n g l e - b i t   e r r o r   s i g n a l   SBE  i s   a t   a  low  l e v e l .  

C o n t r a r y   to   t h i s ,   s i n c e   t h e   s y n d r o m e   is   n o t   t h e   a l l   " 0 "  

v e c t o r ,   t h e   OR  c i r c u i t   1310  g e n e r a t e s   a  s i g n a l   ERROR, 
and ,   a c c o r d i n g l y ,   t h e   g a t e   c i r c u i t   1312  g e n e r a t e s   t h e  

m u l t i p l e - b i t   e r r o r  s i g n a l   MBE  a t   a  h i g h   l e v e l .   T h u s ,   a  
d o u b l e - b i t   e r r o r   i s   d e t e c t e d .  

I f  t h r e e   d a t e   b i t s   w i t h i n   one  b l o c k   s u c h  

as  D01,  D02,   and  D03  a r e   s i m u l t a n e o u s l y   e r r o n e o u s ,   t h e  

s y n d r o m e   b i t s   SO  to  S7  a r e   ( 1 0 1 0 1 0 1 1 ) .   T h a t   i s ,   t h e  

s y n d r o m e   i s   an  o d d - w e i g h t   v e c t o r .   In  t h i s   c a s e ,   h o w e v e r ,  

a c c o r d i n g   t o   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n   (V) ,   t h i s  

s y n d r o m e   d o e s   n o t   c o i n c i d e   w i t h   any  c o l u m n   v e c t o r s   o f  

t he   H-  m a t r i x .   A s - a   r e s u l t ,   t h i s   s y n d r o m e   c a n n o t   b e  

d e c o d e d   by  a n y   g a t e   c i r c u i t s   1201  t h r o u g h   1272  of  t h e  

s y n d r o m e   d e c o d i n g   c i r c u i t   12,  so  t h a t   a l l   t h e   e r r o r   b i t  

s i g n a l s   EB01  t h r o u g h   EB64  and  EBCO  t h r o u g h   EBC7  a r e   a t   a  

low  l e v e l .   T h u s ,   t h e   s i n g l e - b i t   e r r o r   s i g n a l   SBE  i s   a t  

a  low  l e v e l .   C o n t r a r y   to   t h i s ,   s i n c e   t h e   s y n d r o m e   i s  

no t   t h e   a l l   "0"  v e c t o r ,   t h e   OR  c i r c u i t   1310  g e n e r a t e s   a  

s i g n a l   ERROR,  and ,   a c c c o r d i n g l y ,   t h e   g a t e   c i r c u i t   1 3 1 2  

g e n e r a t e s   t h e   m u l t i p l e - b i t   e r r o r   s i g n a l   MBE  a t   a  h i g h  

l e v e l .   T h u s ,   a  t r i p l e - b i t   e r r o r   w i t h i n   one   b l o c k   i s  

d e t e c t e d .  

I f   f o u r   d a t a   b i t s   w i t h i n   one  b l o c k   s u c h   a s  

D01,  D02,  D03 ,   and  D04  a r e   s i m u l t a n e o u s l y   e r r o n e o u s ,  
the   s y n d r o m e   b i t s   SO  to  S7  a r e   ( 1 0 0 1 1 0 0 1 ) .   T h a t   i s ,  

t he   s y n d r o m e   i s   an  e v e n - w e i g h t   v e c t o r .   In  a d d i t i o n ,  

a c c o r d i n g   to   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n   ( V i ) ,   t h e  

s y n d r o m e   i s   n o t   t h e   a l l   "0"  v e c t o r .   T h e r e f o r e ,   t h e  

s y n d r o m e   d o e s   n o t   c o i n c i d e   w i t h   any  c o l u m n   v e c t o r s  

of  t he   H - m a t r i x ,   w h i c h   c o l u m n   v e c t o r s   a r e   o d d - w e i g h t  

v e c t o r s .   As  a  r e s u l t ,   t h i s   s y n d r o m e   a l s o   c a n n o t   b e  

d e c o d e d   by  any   g a t e   c i r c u i t s   1201  t h r o u g h   1272  of  t h e  

s y n d r o m e   d e c o d i n g   c i r c u i t   12,  so  t h a t   a l l   t h e   e r r o r   b i t  

s i g n a l s   EB01  t h r o u g h   EB64  and  EBCO  t h r o u g h   EBC7  a r e   a t   a  



low  l e v e l .   T h u s ,   t h e   s i n g l e - b i t   e r r o r   s i g n a l   SBE  i s   a t  

a  low  l e v e l .   C o n t r a r y   to   t h i s ,   s i n c e   t h e   s y n d r o m e   i s  

no t   t h e   a l l   "0"  v e c t o r ,   t h e   OR  c i r c u i t   1310  g e n e r a t e s   a  

s i g n a l   ERROR,  a n d ,   a c c o r d i n g l y ,   t h e   g a t e   c i r c u i t   1 3 1 2  

g e n e r a t e s   t h e   m u l t i p l e - b i t   e r r o r   s i g n a l   MBE  a t  a   h i g h  

l e v e l .   T h u s ,   a  f o u r - b i t   e r r o r   w i t h i n   one  b l o c k   i s  

d e t e c t e d .  

I f   e i g h t   d a t a   b i t s   such   as  D01  t o   D04  a n d  

Cl ,   D62  t o   D64  w i t h i n   two  b l o c k s   a r e   s i m u l t a n e o u s l y  

e r r o n e o u s ,   t h e   syndome   b i t s   SO  to  S7  a r e   ( 0 1 1 0 1 0 1 0 ) .  

T h a t   i s ,   t h e   s y n d r o m e   i s   an  e v e n - w e i g h t   v e c t o r .   I n  

a d d i t i o n ,   a c c o r d i n g   to   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n  

( V i i ) ,   t h e   s y n d r o m e   i s   n o t   t h e   a l l   "0"  v e c t o r .  

T h e r e f o r e ,   t h e   s y n d r o m e   d o e s   n o t   c o i n c i d e   w i t h   a n y  
c o l u m n   v e c t o r s   of  t h e   H - m a t r i x ,   w h i c h   c o l u m n   v e c t o r s  

a re   o d d - w e i g h t   v e c t o r s .   As  a  r e s u l t ,   t h i s   s y n d r o m e  

a l s o   c a n n o t   be  d e c o d e d   by  any  g a t e   c i t c u i t s   1201  t h r o u g h  

1272  o f   t h e   s y n d r o m e   d e c o d i n g   c i r c u i t   12,   so  t h a t   a l l  

t he   e r r o r   b i t   s i g n a l s   EB01  t h r o u g h   EB64  and  EBCO  t h r o u g h  

EBC7  a r e   a t   a  low  l e v e l .   T h u s ,   t h e   s i n g l e - b i t   e r r o r  

s i g n a l   SBE  i s   a t   a  low  l e v e l .   C o n t r a r y   to   t h i s ,   s i n c e  

t h e   s y n d r o m e   is   n o t   t h e   a l l   "0"  v e c t o r ,   t h e   OR  c i r c u i t  

1310  g e n e r a t e s   a  s i g n a l   ERROR,  and ,   a c c o r d i n g l y ,   t h e  

g a t e   c i r c u i t   1312  g e n e r a t e s   t h e   m u l t i p l e - b i t   e r r o r  

s i g n a l   MBE  a t   a  h i g h   l e v e l .   T h u s ,   an  8 - b i t   b u r s t   e r r o r  

w i t h i n   two  b l o c k   i s   d e t e c t e d .  

T h u s ,   i t   i s   p o s s i b l e   to   c o r r e c t   a  s i n g l e - b i t  

e r r o r   and   to  d e t e c t   a  d o u b l e - b i t   e r r o r ,   a  t r i p l e - b i t  

e r r o r   w i t h i n   one  b l o c k ,   and  a  q u a d r u p l e - b i t   e r r o r   w i t h i n  

one  b l o c k   h a v i n g   4  b i t s .   I t   i s   a l s o   p o s s i b l e   to   d e t e c t  

an  8 - b i t   b u r s t   e r r o r   w i t h i n   two  b l o c k s .  

In  F i g .   9,  w h i c h   i s   a  s e c o n d   e m b o d i m e n t   o f  

t he   p r e s e n t   i n v e n t i o n   u s i n g   t h e   H - m a t r i x   of   F i g .   2 ,  

t h e   same  e l e m e n t s   as  t h o s e   of  F i g .   4  a r e   d e n o t e d   by  t h e  

same  r e f e r e n c e s .   In  f i g .   9,  t he   w r i t e  d a t a   l i n e   3 ,  

t he   d e c o d i n g   l i n e   15,  t h e   r e a d   d a t a   l i n e   16 ,   and  t h e  

c o r r e c t e d   memory  r e a d   d a t a   l i n e   18  a r e   of  a  3 2 - b i t  



c o n f i g u r a t i o n .   A l s o   t h e   c h e c k   b i t   l i n e   5,  t h e   r e a d  

c h e c k   b i t   l i n e   9,  and  t h e   s y n d r o m e   l i n e   11  a r e   o f  

an  8 - b i t   c o n f i g u r a t i o n .   T h e r e f o r e ,   t h e   c h e c k   b i t  

g e n e r a t i n g   c i r c u i t   4 ' ,   t h e   s y n d r o m e   g e n e r a t i n g  

c i r c u i t   1 2 ' ,   t h e   e r r o r   d e t e c t i n g   c i r c u i t   1 3 ' ,  a n d   t h e  

d a t a   c o r r e c t i n g   c i r c u i t   17 '   a r e   a  l i t t l e   d i f f e r e n t  

f rom  t h e   c o r r e s p o n d i n g   e l e m e n t s   of  F i g .   4 .  

The  c h e c k   b i t   g e n e r a t i n g   c i r c u i t   4'  w i l l  

now  be  e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g .   10.  Each  g a t e  
of  t h i s   f i g u r e   is   an  e x c l u s i v e   OR  c i r c u t .   The  c h e c k  

b i t   CO  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t he   d a t a   b i t s  

c o r r e s p o n d i n g   to  t h e   "1"  e l e m e n t s   of   t h e   f i r s t   row  o f  

t he   H - m a t r i x   i l l u s t r a t e d   in   F i g .   2.  T h a t   i s ,   t he   c h e c k  

b i t   CO  is   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s  

D04,  D07  to   D09,  D13,  D15,  D18,   D19,  D23,  D25,  D30,  a n d  

D31.  S i m i l a r l y ,   t h e   c h e c k   b i t   Cl  i s   p r o d u c e d   by  t h e  

m o d u l o - 2   sum  of  t h e   d a t a   b i t s   c o r r e s p o n d i n g   to   t he   " 1 "  

e l e m e n t s   of   t h e   s e c o n d   row  of   t h e   H - m a t r i x   i l l u s t r a t e d  

in  F i g .   2.  T h a t   i s ,   t h e   c h e c k   b i t   Cl  i s   p r o d u c e d   by  t h e  

m o d u l o - 2   sum  of  t h e   d a t a   b i t s   D02,  D05,  D 1 0 ,  D 1 3 ,   D 1 4 ,  

D17,  D20,  D 2 1 ,  D 2 4 ,   D25,  D28,   and  D32.  A l s o ,   t h e   c h e c k  

b i t   C7  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s  

c o r r e s p o n d i n g   to  t h e   "1"  e l e m e n t s   of  t h e   e i g h t h   row  o f  

t he   H - m a t r i x   i l l u s t r a t e d   in   F i g .   2.  T h a t   i s ,   t h e   c h e c k  

b i t   C7  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s  

D03,  D06,  D10,  D l l ,   D18,   D19,   D22,  D26  to  D29,  and  D 3 2 .  

The  s y n d r o m e   g e n e r a t i n g   c i r c u i t   10'  w i l l  

now  be  e x p l a i n e d   w i t h   r e f e r e n c e   to  F i g .   11.  Each  g a t e  

of  t h i s   f i g u r e   i s   a l s o   an  e x c l u s i v e   OR  c i r c u i t .   T h e  

s y n d r o m e   b i t   SO  is   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e  

d a t a   b i t s   c o r r e s p o n d i n g   t o   t h e   "1"  e l e m e n t s   of  t he   f i r s t  

row  of  t h e   H - m a t r i x   i l l u s t r a t e d   in  F i g .   2.  T h a t   i s ,   t h e  

s y n d r o m e   b i t   SO  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e  

d a t a   b i t s   D04,  D07  to   D09,   D13,   D15,  D18,  D19,  D23,  D 2 5 ,  

D 3 0 ,  a n d   D31,  and  t h e   c h e c k  b i t   C0.  S i m i l a r l y ,   t h e   t h e  

s y n d r o m e   b i t   Sl  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e  

d a t a   b i t s   c o r r e s p o n d i n g   t o   t h e   "1"  e l e m e n t s   of   t h e  



s e c o n d   row  of  t h e   H - m a t r i x   i l l u s t r a t e d   in  F i g .   2.  T h a t  

i s ,   t h e   s y n d r o m e   b i t   Sl  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum 

of  t h e   d a t a   b i t s   D02,  D05,  DIO,   D13,  D14,  D17,  D20,  D 2 1 ,  

D24,  D25,  D28,   and  D32,  and  t h e   c h e c k   b i t   Cl .   A l s o ,   t h e  

s y n d r o m e   b i t   S7  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e  

d a t a   b i t s   c o r r e s p o n d i n g   to   t h e   "1"  e l e m e n t s   of  t h e   e i g h t h  

row  of  t h e   H - m a t r i x   i l l u s t r a t e d   in   F i g .   2.  T h a t   i s ,   t h e  

s y n d r o m e   b i t   S7  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e  

d a t a   b i t s   D03,  D06,  DIO,  D l l ,   D18,   D19,  D22,  D26  to   D 2 9 ,  

and  D32,  and  t h e   c h e c k   b i t   C 7 .  

I f   no  e r r o r   i s   o c c u r r e d   in   t h e   r e a d   c o d e w o r d ,  

t he   s y n d r o m e   b i t s   SO  to  S7  a r e   a l l   " 0 " .   T h a t   i s ,   t h e  

s y n d r o m e   i s   t h e   a l l   "0"  v e c t o r .   C o n t r a r y   to   t h i s ,   i f  

one  or  more   e r r o r s   a r e   o c c u r r e d ,   a t   l e a s t   one  of  t h e  

s y n d r o m e   b i t s   SO  to  S7  i s   " 1 " .   T h a t   i s ,   t h e   s y n d r o m e  

is   n o t   t h e   a l l   "0"  v e c t o r .  

I f   t h e   f i r s t   d a t a   b i t   D01  i s   e r r o r o u s ,   t h e n  

t he   s y n d r o m e   b i t s   SO  t h r o u g h   S7  a r e   ( 0 0 1 0 0 1 1 0 )   w h i c h   i s  

t he   f i r s t   c o l u m n   of  t h e   H - m a t r i x   i l l u s t r a t e d   in  F i g .   2 .  

T h a t   i s ,   t h e   s y n d r o m e   b i t s   SO  t h r o u g h   S7  r e p r e s e n t   t h e  

l o c a t i o n   of   a  s i n g l e - b i t   e r r o r .  

The  s y n d r o m e   d e c o d i n g   c i r c u i t   12'   and  t h e   d a t a  

c o r r e c t i n g   c i r c u i t   17'  w i l l   now  be  e x p l a i n e d   w i t h  

r e f e r e n c e   to   F i g .   12.  In  F i g .   12,   t h e   s y n d r o m e   d e c o d i n g  

c i r c u i t   12 '   i n c l u d e s   e i g h t - i n p u t   g a t e   c i r c u i t s   1 2 0 1 '  

t h r o u g h   1 2 4 0 ' ,   w h i c h   c o r r e s p o n d   t o   t h e   d a t a   b i t s   D 0 1  

t h r o u g h   D32  and  c h e c k   b i t s   CO  t h r o u g h   C7.  Each  of  t h e  

e i g h t - i n p u t   g a t e   c i r c u i t s   s e r v e s   as  a  d e c o d e r .   T h e  

d a t a   c o r r e c t i n g   c i r c u i t   17'   i n c l u d e s   32  e x c l u s i v e   OR 

c i r c u i t s   1 7 0 1 '   t h r o u g h   1 7 3 2 '   w h i c h   a l s o   c o r r e s p o n d   t o  

t h e   32  d a t a   b i t s   D01  to   D32.  I f   t h e   s y n d r o m e   b i t s   SO 

to  S7  ( 0 0 1 0 0 1 1 0 )   a re   a p p l i e d   t o   t h e   s y n d r o m e   d e c o d i n g  

c i r c u i t   1 2 ' ,   t h e   g a t e   c i r c u i t   1 2 0 1 '   of  t h e   s y n d r o m e  

d e c o d i n g   c i r c u i t   12'  g e n e r a t e s   an  e r r o r   b i t   s i g n a l   E B 0 1  

s h o w i n g   t h a t   t h e   l o c a t i o n   of   an  e r r o r   b i t  i s   t h e   f i r s t  

co lumn  c o r r e s p o n d i n g   to   t h e   d a t a   b i t   D01,  so  a s  t o  

i n v e r t   t h e   d a t a   MRD01  f rom  t h e   r e a d   d a t a   r e g i s t e r   8 ,  



t h e r e b y   c a r r y i n g   o u t   a  c o r r e c t i n g   o p e r a t i o n .   T h u s ,  
c o r r e c t e d   d a t a   MCRD01  is   p r o d u c e d .   S u c h   c o r r e c t e d  

d a t a   MCRDO1  i s   r e w r i t t e n   i n t o   t h e   memory   u n i t   7  b y  
t h e   memory  w r i t e / r e a d   c o n t r o l   c i r c u i t   1 9 .  

The  e r r o r   d e t e c t i n g   c i r c u i t   13 '   w i l l   now  b e  

e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g .   13.   In   F i g .   1 3 ,  

r e f e r e n c e   n u m e r a l s   1 3 0 1 '   t h r o u g h   1 3 0 6 '   d e s i g n a t e  

e i g h t - i n p u t   OR  c i r c u i t s ,   1307 '   a  f i v e - i n p u t   g a t e  

c i r c u i t ,   1308 '   a  t w o - i n p u t   g a t e   c i r c u i t ,   SBE  a  

s i n g l e - b i t   e r r o r   s i g n a l ,   and  MBE  a  m u l t i p l e - b i t  

e r r o r   s i g n a l .  

When  a  s i g n a l - b i t   e r r o r   i s   o c c u r r e d ,   o n l y   o n e  
of  t h e   e r r o r   b i t   s i g n a l s   EB01  to   EB32  and   EBCO  t o  

EBC7  b e c o m e s   h i g h .   As  a  r e s u l t ,   o n l y   one   of  t h e   OR 

c i r c u i t   1301 '   to   1 3 0 5 '   g e n e r a t e s   a  h i g h   l e v e l   s i g n a l ,  

and  a c c o r d i n g l y ,   t h e   OR  c i r c u i t   1 3 0 7 '   g e n e r a t e s  

t h e   s i n g l e - b i t   e r r o r   s i g n a l   SBE,  w h i l e   t h e   g a t e  

c i r c u i t   1308 '   d o e s   n o t   g e n e r a t e   a  m u l t i p l e - b i t   e r r o r  

s i g n a l   MBE. 

When  a  s p e c i a l   m u l t i p l e - b i t   e r r o r   i s   g e n e r a t e d ,  

t h e   OR  c i r c u i t   1 3 0 7 '   d o e s   no t   g e n e r a t e   a  s i n g l e - b i t  

e r r o r   s i g n a l   SBE,  w h i l e   t h e   g a t e   c i r c u i t   1 3 0 8 '   g e n e r a t e s  

t h e   m u l t i p l e - b i t   e r r o r   s i g n a l   MBE. 

Such   a  s p e c i a l   m u l t i p l e   b i t   e r r o r   w i l l   now  b e  

e x p l a i n e d .   I f   two  d a t a   b i t s   s u c h   as  D01  and  D02  a r e  

s i m u l t a n e o u s l y   e r r o n e o u s ,   t he   s y n d r o m e   b i t s   SO  to  S7  a r e  

( 0 1 1 1 0 0 1 0 ) .   T h a t   i s ,   t h e   s y n d r o m e   i s   an  e v e n - w e i g h t  

v e c t o r .   In  a d d i t i o n ,   s i n c e   such   two  d a t a   b i t s   a r e  

d i f f e r e n t   f rom  e a c h   o t h e r   t h e   s y n d r o m e   i s   n o t   t h e   a l l  

"0"  v e c t o r .   T h e r e f o r e ,   t h e   s y n d r o m e   d o e s   n o t   c o i n c i d e  

w i t h   any  co lumn   v e c t o r s   of  t he   H - m a t r i x ,   w h i c h   c o l u m n  

v e c t o r s   a r e   o d d - w e i g h t   v e c t o r s .   As  a  r e s u l t ,   t h i s  

s y n d r o m e   c a n n o t   be  d e c o d e d   by  any  g a t e   c i r c u i t s   1 2 0 1 '  

t h r o u g h   1240 '   of  t h e   s y n d r o m e   d e c o d i n g   c i r c u i t   1 2 ' ,  

so  t h a t   a l l   t h e   e r r o r   b i t   s i g n a l s   EB01  t h r o u g h   EB32 

and  EBCO  t h r o u g h   EBC7  a r e   a t   a  low  l e v e l .   T h u s ,   t h e  

s i n g l e - b i t   e r r o r   s i g n a l   SBE  i s   a t   a  low  l e v e l .   C o n t r a r y  



t o   t h i s ,   s i n c e   t h e   s y n d r o m e   i s   n o t   t h e   a l l   "0"  v e c t o r ,  

t h e   OR  c i r c u i t   1 3 0 6 '   g e n e r a t e s   a  s i g n a l   ERROR,  a n d ,  

a c c o r d i n g l y ,   t h e   g a t e   c i r c u i t   1 3 0 8 '   g e n e r a t e s   t h e  

m u l t i p l e - b i t   e r r o r   s i g n a l   MBE  a t   a  h i g h   l e v e l .   T h u s ,  

a  d o u b l e - b i t   e r r o r   i s   d e t e c t e d .  

I f   t h r e e   d a t a   b i t s   w i t h i n   one   b l o c k   s u c h   as  D 0 1 ,  

D02,   and  D03  a r e   s i m u l t a n e o u s l y   e r r o n e o u s ,   t h e   s y n d r o m e  
b i t s   SO  to  S7  a r e   ( 0 1 0 1 1 0 1 1 ) .   T h a t   i s ,   t h e   s y n d r o m e   i s  

an  o d d - w e i g h t   v e c t o r .   In  t h i s   c a s e ,   h o w e v e r ,   a c c o r d i n g  

t o   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n   (V) ,   t h i s   s y n d r o m e   d o e s  

n o t   c o i n c i d e   w i t h   any  co lumn   v e c t o r s   of  t h e   H - m a t r i x .  

As  a  r e s u l t ,   t h i s   s y n d r o m e   c a n n o t   be  d e c o d e d   by  any  g a t e  
c i r c u i t s   1201 '   t h r o u g h   1240 '   of   t h e   s y n d r o m e   d e c o d i n g  

c i r c u i t   1 2 ' ,   so  t h a t   a l l   t he   e r r o r   b i t   s i g n a l s   EB01  

t h r o u g h   EB32  and  EBCO  t h r o u g h   EBC7  a r e   a t   a  low  l e v e l .  

T h u s ,   t h e   s i n g l e - b i t   e r r o r   s i g n a l   SBE  i s   a t   a  low  l e v e l .  

C o n t r a r y   to   t h i s ,   s i n c e   t h e   s y n d r o m e   i s   n o t   t h e   a l l   " 0 "  

v e c t o r ,   t h e   OR  c i r c u i t   1306 '   g e n e r a t e s   a  s i g n a l   ERROR, 

a n d ,   a c c o r d i n g l y ,   t h e   g a t e   c i r c u i t   13081  g e n e r a t e s   t h e  

m u l t i p l e - b i t   e r r o r   s i g n a l   MBE  a t   a  h i g h   l e v e l .   T h u s ,  

a  t r i p l e - b i t   e r r o r   w i t h i n   one  b l o c k   i s   d e t e c t e d .  

I f   f o u r   d a t a   b i t s   w i t h i n   one   b l o c k   s u c h   as  D 0 1 ,  

D02,   D03,  and  D04  a r e   s i m u l t a n e o u s l y   e r r o n e o u s ,   t h e  

s y n d r o m e   b i t s   SO  to   S7  a r e   ( 1 1 0 1 0 0 0 1 ) .   T h a t   i s ,   t h e  

s y n d r o m e   i s   an  e v e n - w e i g h t   v e c t o r .   In   a d d i t i o n ,  

a c c o r d i n g   to   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n   ( v i ) ,   t h e  

s y n d r o m e   i s   n o t   t h e   a l l   "0"  v e c t o r .   T h e r e f o r e ,   t h e  

s y n d r o m e   does   n o t   c o i n c i d e   w i t h   any  c o l u m n   v e c t o r s  

of   t h e   H - m a t r i x ,   w h i c h   c o l u m n   v e c t o r s   a r e   o d d - w e i g h t  

v e c t o r s .   As  a  r e s u l t ,   t h i s   s y n d r o m e   a l s o   c a n n o t   b e  

d e c o d e d   by  any  g a t e   c i r c u i t s   1 2 0 1 '   t h r o u g h   1240 '   of  t h e  

s y n d r o m e   d e c o d i n g   c i r c u i t   1 2 ' ,   so  t h a t   a l l   t h e   e r r o r   b i t  

s i g n a l s   EB01  t h r o u g h   EB32  and  EBCO  t h r o u g h   EBC7  a r e   a t   a  

low  l e v e l .   T h u s ,   t h e   s i n g l e - b i t   e r r o r   s i g n a l   SBE  is   a t  

a   low  l e v e l .   C o n t r a r y   to   t h i s ,   s i n c e   t h e   s y n d r o m e   i s  

n o t   t he   a l l   "0"  v e c t o r ,   t h e   OR  c i r c u i t   1 3 0 5 '   g e n e r a t e s   a  

s i g n a l   ERROR,  and ,   a c c o r d i n g l y ,   t h e   g a t e   c i r c u i t   1 3 0 7 '  



g e n e r a t e s   t h e   m u l t i p l e - b i t   e r r o r   s i g n a l   MBE  a t   a  h i g h  
l e v e l .   T h u s ,   a  f o u r - b i t   e r r o r   w i t h i n   one  b l o c k   i s  

d e t e c t e d .  

I f   e i g h t   d a t a   b i t s   s u c h   as  D01  to   D08  w i t h i n  

two  a r b i t r a r y   b l o c k s   a r e   s i m u l t a n e o u s l y   e r r o n e o u s ,  
t h e   s y n d r o m e   b i t s   SO  t o   S7  a r e   ( 1 0 0 1 1 1 0 0 ) .   T h a t   i s ,  

t h e   s y n d r o m e   i s   an  e v e n - w e i g h t   v e c t o r .   In  a d d i t i o n ,  

a c c o r d i n g   t o   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n   ( v i i ) ,   t h e  

s y n d r o m e   i s   n o t   t h e   a l l   "0"  v e c t o r .   T h e r e f o r e ,   t h e  

s y n d r o m e   d o e s   n o t   c o i n c i d e   w i t h   any  c o l u m n   v e c t o r s   o f  

t he   H - m a t r i x ,   w h i c h   c o l u m n   v e c t o r s   a r e   o d d - w e i g h t  

v e c t o r s .   As  a  r e s u l t ,   t h i s   s y n d r o m e   a l s o   c a n n o t   b e  

d e c o d e d   by  any  g a t e   c i r c u i t s   1 2 0 1 '   t h r o u g h   1 2 4 0 '   of   t h e  

s y n d r o m e   d e c o d i n g   c i r c u i t   1 2 ' ,   so  t h a t   a l l   t h e   e r r o r   b i t  

s i g n a l s   EB01  t h r o u g h   EB32  and  EBCO  t h r o u g h   EBC7  a r e   a t   a  
low  l e v e l .   T h u s ,   t h e   s i n g l e - b i t   e r r o r   s i g n a l   SBE  i s   a t  

a  low  l e v e l .   C o n t r a r y   to   t h i s ,   s i n c e   t h e   s y n d r o m e   i s  

no t   t h e   a l l   "0"  v e c t o r ,   t h e   OR  c i r c u i t   1 3 0 6 '   g e n e r a t e s   a  

s i g n a l   ERROR,  a n d ,   a c c o r d i n g l y ,   t h e   g a t e   c i r c u i t   1 3 0 8 '  

g e n e r a t e s   t h e   m u l t i p l e - b i t   e r r o r   s i g n a l   MBE  a t   a  h i g h  

l e v e l .   T h u s ,   an  e i g h t - b i t   b u r s t   e r r o r   w i t h i n   two  b l o c k s  

i s   d e t e c t e d .  

T h u s ,   i t   i s   p o s s i b l e   to   c o r r e c t   a  s i n g l e - b i t   e r r o r  

and  to   d e t e c t   a  d o u b l e - b i t   e r r o r ,   a  t r i p l e - b i t   e r r o r  

w i t h i n   one   b l o c k ,   and  a  q u a d r u p l e - b i t   e r r o r   w i t h i n   o n e  

b l o c k   h a v i n g   4  b i t s .   I t   i s   a l s o   p o s s i b l e   to   d e t e c t   a n  

8 - b i t   b u r s t   e r r o r   w i t h i n   two  b l o c k s .  

In   F i g .   14,  w h i c h   i s   a  t h i r d   e m b o d i m e n t   of   t h e  

p r e s e n t   i n v e n t i o n   u s i n g   t h e   H - m a t r i x   of  F i g .   3,  t h e   s a m e  

e l e m e n t s   as  t h o s e   of  F i g .   4  a r e   d e n o t e d   by  t h e   s a m e  

r e f e r e n c e s .   In  F i g .   14,   t h e   w r i t e   d a t a   l i n e   3,  t h e  

d e c o d i n g   l i n e   15,  t h e   r e a d   d a t a   l i n e   16,   and   t h e  

c o r r e c t e d   memory  r e a d   d a t a   l i n e   18  a r e   of  a  3 2 - b i t  

c o n f i g u r a t i o n .   A l s o   t h e   c h e c k   b i t   l i n e   5,  t h e   r e a d  

c h e c k  b i t   l i n e   9,  and  t h e   s y n d r o m e  l i n e   11  a r e  o f  

a  7 - b i t   c o n f i g u r a t i o n .   T h e r e f o r e ,   t h e   c h e c k   b i t  

g e n e r a t i n g   c i r c u i t   4 " ,   t h e   s y n d r o m e   g e n e r a t i n g  



c i r c u i t   1 2 " ,   t h e   e r r o r   d e t e c t i n g   c i r c u i t   1 3 " ,   a n d  

the   d a t a   c o r r e c t i n g   c i r c u i t   17"  a r e   a  l i t t l e   d i f f e r e n t  

from  t h e   c o r r e s p o n d i n g   e l e m e n t s   of  F i g .   4 .  

The  c h e c k   b i t   g e n e r a t i n g   c i r c u i t   4"  w i l l   now  b e  

e x p l a i n e d   w i t h   r e f e r e n c e   to  F i g .   15.  Each   g a t e   o f  

t h i s   f i g u r e   i s   an  e x c l u s i v e   OR  c i r c u i t .   The  c h e c k  

b i t   CO  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s  

c o r r e s p o n d i n g   t o   t he   "1"  e l e m e n t s   of  t h e   f i r s t   row  o f  

the   H - m a t r i x   i l l u s t r a t e d   in  F i g .   3.  T h a t   i s ,   t h e   c h e c k  

b i t   C0  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a  

b i t s   D01,   D06,   D08,  D09,  D12,  D14  to   D17,  D 2 0 ,   D22,  D 2 7 ,  

D30,  and   D31.   S i m i l a r l y ,   t h e   c h e c k   b i t   Cl  i s   p r o d u c e d  

by  t h e   m o d u l o - 2   sum  of  t he   d a t a   b i t s   c o r r e s p o n d i n g   t o  

the   " I "   e l e m e n t s   of  t h e   s e c o n d   row  of  t h e   H - m a t r i x  

i l l u s t r a t e d   in   F i g .   3.  T h a t   i s ,   t h e   c h e c k   b i t   Cl  i s  

p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s   D03,  D 0 7 ,  

D09  to   D13 ,   D17,   D19,  D21,  D26  to  D28,  D30,   and   D 3 2 .  

A l s o ,   t h e   c h e c k   b i t   C6  i s   p r o d u c e d   by  t h e   m o d u l o - 2   s u m  

of  t h e   d a t a   b i t s   c o r r e s p o n d i n g   to  t he   "1"  e l e m e n t s   o f  

the   s e v e n t h   row  of  t h e   H - m a t r i x   i l l u s t r a t e d   i n   F i g .   3 .  

That   i s ,   t h e   c h e c k   b i t   C6  i s   p r o d u c e d   by  t h e   m o d u l o - 2  

'sum  of   t h e   d a t a   b i t s   D01,  D02,  D05,  D12  to   D14,   D 1 9 ,  

D20,  D24,   D25 ,   D26,  D29,  and  D 3 2 .  

The  s y n d r o m e   g e n e r a t i n g   c i r c u i t   10"  w i l l   now  b e  

e x p l a i n e d   w i t h   r e f e r e n c e   to  F i g .   16.  E a c h   g a t e   of  t h i s  

f i g u r e   i s   a l s o   an  e x c l u s i v e   OR  c i r c u i t .   The  s y n d r o m e  

b i t   SO  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of   t h e   d a t a   b i t s  

c o r r e s p o n d i n g   to   t he   "1"  e l e m e n t s   of  t h e   f i r s t   row  o f  

the   H - m a t r i x   i l l u s t r a t e d   in  F i g .   3,  i n c l u d i n g   t h e   c h e c k  

b i t   C0.  T h a t   i s ,   t he   s y n d r o m e   b i t   SO  i s   p r o d u c e d   by  t h e  

the   m o d u l o - 2   sum  of  t h e   d a t a   b i t s   D01,  D06,   D08,   D 0 9 ,  

D12,  D14  t o   D17,   D20,  D22,  D27,  D30,  and  D31 ,   and  t h e  

check   b i t   C0.  S i m i l a r l y ,   t h e   s y n d r o m e   b i t   Sl   i s   p r o d u c e d  

by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s   c o r r e s p o n d i n g   t o  

the   "1"   e l e m e n t s   of  t h e  s e c o n d   row  of  t h e   H - m a t r i x  

i l l u s t r a t e d   in   F i g .   3,  i n c l u d i n g   t h e   c h e c k   b i t   Cl .   T h a t  

i s ,   t h e   s y n d r o m e   b i t   Sl  i s   p r o d u c e d   by  t h e   m c d u l o - 2   s u m  



of  t h e   d a t a   b i t s   D03,   D07,   D09  to   D13,  D17,  D19,  D 2 1 ,  
D26  to   D28,  D30,  and  D32,   and  t h e   c h e c k   b i t   Cl .   A l s o ,  
t h e   s y n d r o m e   b i t   S6  i s   p r o d u c e d   by  t he   m o d u l o - 2   sum  o f  

the   d a t a   b i t s   c o r r e s p o n d i n g   to   t h e   "1"  e l e m e n t s   of  t h e  

s e v e n t h   row  of  t h e   H - m a t r i x   i l l u s t r a t e d   in  F i g .   3 ,  

i n c l u d i n g   t he   c h e c k   b i t   C6.  T h a t   i s ,   t he   s y n d r o m e   b i t  

S6  i s   p r o d u c e d   by  t h e   m o d u l o - 2   sum  of  t h e   d a t a   b i t s   D 0 1 ,  

D02,  D05,  D12  to   D14,   D19,   D20,   D24,  D25,  D26,  D 2 9 ,  
and  D32,  and  t h e   c h e c k   b i t   C 6 .  

I f   no  e r r o r   i s   o c c u r r e d   in   t h e   r e a d   c o d e w o r d ,  

t h e   s y n d r o m e   b i t s   SO  to   S6  a r e   a l l   " 0 " .   Tha t   i s ,   t h e  

s y n d r o m e   is   t he   a l l   "0"  v e c t o r .   C o n t r a r y   to  t h i s ,   i f  

one  or  more  e r r o r   b i t s   a r e   o c c u r r e d ,   a t   l e a s t   one  of   t h e  

s y n d r o m e   b i t s   SO  to   S6  i s   " 1 " .   T h a t   i s ,   t h e   s y n d r o m e   i s  

no t   t h e   a l l   "0"  v e c t o r .  

I f   t he   f i r s t   d a t a   b i t   D01  i s   e r r o n e o u s ,   t h e n   t h e  

s y n d r o m e   b i t s   SO  t h r o u g h  S 6   a r e   ( 1 0 0 0 0 1 1 ) ,   w h i c h   i s   t h e  

f i r s t   c o l u m n   of  t h e   H - m a t r i x   i l l u s t r a t e d   in   F i g .   3 .  

T h a t   i s ,   t h e   s y n d r o m e   b i t s   SO  t h r o u g h   S6  r e p r e s e n t   t h e  

l o c a t i o n   of  a  s i n g l e - b i t   e r r o r .  

The  s y n d r o m e   d e c o d i n g   c i r c u i t   12"  and  t he   d a t a  

c o r r e c t i n g   c i r c u i t   17"  w i l l   now  be  e x p l a i n e d   w i t h  

r e f e r e n c e   to   F i g .   17.   In  F i g .   17,   t h e   s y n d r o m e   d e c o d i n g  

c i r c u i t   12"  i n c l u d e s   s e v e n - i n p u t   g a t e   c i r c u i t s   1 2 0 1 "  

t h r o u g h   1 2 3 9 " ,   w h i c h   c o r r e s p o n d   to   t h e   d a t a   b i t s   D 0 1  

t h r o u g h   D39  and  t h e   c h e c k   b i t s   CO  t h r o u g h   C6.  Each  o f  

t he   s e v e n - i n p u t   g a t e   c i r c u i t s   s e r v e s   as  a  d e c o d e r .   T h e  

d a t a   c o r r e c t i n g   c i r c u i t   17"  i n c l u d e s   32  e x c l u s i v e   OR 

c i r c u i t s   1701"  t h r o u g h   1 7 3 2 " ,   w h i c h   c o r r e s p o n d   to  t h e   3 2  

d a t a   b i t s .   I f   t h e   s y n d r o m e   b i t s   SO  to  S6  ( 1000011 )   a r e  

a p p l i e d   to  t h e   s y n d r o m e   d e c o d i n g   c i r c u i t   12" ,   t h e   g a t e  
c i r c u i t   1201"  of  t h e   s y n d r o m e   d e c o d i n g   c i r c u i t   1 2 "  

g e n e r a t e s   an  e r r o r   b i t   s i g n a l   EB01  s h o w i n g   t h a t   t h e  

l o c a t i o n   of  a  b i t   e r r o r   i s   t h e   f i r s t   c o l u m n   c o r r e s p o n d i n g  

to  t h e  d a t a   b i t  D 0 1 ,   so  as  t o  i n v e r t   t h e   d a t a   M R D 0 1  

from  t h e   r e a d   d a t a   r e g i s t e r   8,  t h e r e b y   c a r r y i n g   o u t   a  

c o r r e c t i n g   o p e r a t i o n .   T h u s ,   c o r r e c t e d   d a t a   MCRD01  i s  



p r o d u c e d .   Such  c o r r e c t e d   d a t a   MCRDO1  is   r e w r i t t e n   i n t o  

t h e   memory  u n i t   7  by  t h e   memory  w r i t e / r e a d   c o n t r o l  

c i r c u i t   1 9 .  

The  e r r o r   d e t e c t i n g   c i r c u i t   13"  w i l l   now  b e  

e x p l a i n e d   w i t h   r e f e r e n c e   to   F i g .   18.   In  F i g .   1 8 ,  

r e f e r e n c e   n u m e r a l s   1301"   t h r o u g h   1306"   d e s i g n a t e  

s e v e n - i n p u t   OR  c i r c u i t s ,   1307"  a  f i v e - i n p u t   OR  c i r c u i t ,  

1308"  a  t w o - i n p u t  g a t e   c i r c u i t ,   SBE  a  s i n g l e - b i t   e r r o r  

s i g n a l ,   and  MBE  a  m u l t i p l e - b i t   e r r o r   s i g n a l .  

When  a  s i n g l e - b i t   e r r o r   i s   o c c u r r e d ,   on ly   o n e  

of  t he   e r r o r   b i t   s i g n a l s   EB01  to   EB32  and  EBCO  t o  

EBC6  b e c o m e s   h i g h .   As  a  r e s u l t ,   o n l y   one  of  t h e   OR 

c i r c u i t s   1301"   to   1305"   g e n e r a t e s   a  h i g h   l e v e l   s i g n a l ,  

and ,   a c c o r d i n g l y ,   t h e   OR  c i r c u i t   1307"   g e n e r a t e s   t h e  

s i n g l e - b i t   e r r o r   s i g n a l   SBE,  w h i l e   t h e   g a t e   c i r c u i t  

1308"  does   n o t   g e n e r a t e   a  m u l t i p l e - b i t   e r r o r   s i g n a l   MBE. 

When  a  s p e c i a l   m u l t i p l e - b i t   e r r o r   is   g e n e r a t e d ,   t h e  

OR  c i r c u i t   1307"   d o e s   no t   g e n e r a t e   a  s i n g l e - b i t   e r r o r  

s i g n a l   SBE,  w h i l e   t h e   g a t e   c i r c u i t   1308"  g e n e r a t e s   t h e  

m u l t i p l e - b i t   e r r o r   s i g n a l   MBE. 

Such  a  s p e c i a l   m u l t i p l e   b i t   e r r o r   w i l l   be  e x p l a i n e d .  

I f   two  d a t a   b i t s   s u c h   as  D01  and  D02  a r e   s i m u l t a n e o u s l y  

e r r o n e o u s ,   t h e   s y n d r o m e   b i t s   SO  t o   S6  a r e   ( 1 0 1 0 0 0 0 ) .  

T h a t   i s ,   t h e   s y n d r o m e   is  an  e v e n - w e i g h t   v e c t o r .   I n  

a d d i t i o n ,   s i n c e   s u c h   two  d a t a   b i t s   a r e   d i f f e r e n t   f r o m  

e a c h   o t h e r ,   t h e   s y n d r o m e   i s   n o t   t h e   a l l   "0"  v e c t o r .  

T h e r e f o r e ,   t h e   s y n d r o m e   does   n o t   c o i n c i d e   w i t h   a n y  
co lumn  v e c t o r s   o f   t h e   H - m a t r i x ,   w h i c h   co lumn  v e c t o r s   a r e  

o d d - w e i g h t   v e c t o r s .   As  a  r e s u l t ,   t h i s   s y n d r o m e   c a n n o t  

be  d e c o d e d   by  any  g a t e   c i r c u i t s   1201"   t h r o u g h   1239"   o f  

t h e   s y n d r o m e   d e c o d i n g   c i r c u i t   12,  so  t h a t   a l l   t h e   e r r o r  

b i t   s i g n a l s   EB01  t h r o u g h   EB32  and  EBCO  t h r o u g h   EBC6  a r e  

a t   a  low  l e v e l .   T h u s ,   t h e   s i n g l e - b i t   e r r o r   s i g n a l   SBE 

i s   a t   a  low  l e v e l .   C o n t r a r y   to   t h i s ,   s i n c e   t h e   s y n d r o m e  

i s   no t   t h e   a l l   "0"  v e c t o r ,   t h e   OR  c i r c u i t   1306"  g e n e r a t e s  

a  s i g n a l   ERROR,  a n d ,   a c c o r d i n g l y ,   t h e   g a t e   c i r c u i t   1 3 0 8 "  

g e n e r a t e s   t h e   m u l t i p l e - b i t   e r r o r   s i g n a l   MBE  a t   a  h i g h  



l e v e l .   T h u s ,   a  d o u b l e - b i t   e r r o r   i s   d e t e c t e d .  

I f   t h r e e   d a t a   b i t s   w i t h i n   one  b l o c k   s u c h   as  D 0 1 ,  

D02,  and  D03  a r e   s i m u l t a n e o u s l y   e r r o n e o u s ,  t h e   s y n d r o m e  
b i t s   SO  to   S6  a r e   ( 1 1 1 0 1 1 0 ) .   T h a t   i s ,   t he   s y n d r o m e   i s  

an  o d d - w e i g h t   v e c t o r .   In  t h i s   c a s e ,   h o w e v e r ,   a c c o r d i n g  

to   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n   (V),   t h i s   s y n d r o m e   d o e s  

n o t   c o i n c i d e   w i t h   any  c o l u m n   v e c t o r s   of  t h e   H - m a t r i x .  

As  a  r e s u l t ,   t h i s   s y n d r o m e   c a n n o t   be  d e c o d e d   by  any  g a t e  
c i r c u i t s   1201"  t h r o u g h   1239"   of  t h e   s y n d r o m e   d e c o d i n g  
c i r c u i t   1 2 " ,   so  t h a t   a l l   t h e   e r r o r   b i t   s i g n a l s   EB01  

t h r o u g h   EB32  and  EBCO  t h r o u g h   EBC6  a r e   a t   a  low  l e v e l .  

T h u s ,   t h e   s i n g l e - b i t   e r r o r   s i g n a l   SBE  is   a t   a  low  l e v e l .  

C o n t r a r y   to   t h i s ,   s i n c e   t h e   s y n d r o m e   i s   n o t   t h e   a l l   " 0 "  

v e c t o r ,   t h e   OR  c i r c u i t   1306"  g e n e r a t e s   a  s i g n a l   ERROR, 

a n d ,   a c c o r d i n g l y ,   t h e   g a t e   c i r c u i t   1308"   g e n e r a t e s   t h e  

m u l t i p l e - b i t   e r r o r   s i g n a l   MBE  a t   a  h i g h   l e v e l .   T h u s ,  

a  t r i p l e - b i t   e r r o r   w i t h i n   one  b l o c k   i s   d e t e c t e d .  

I f   f o u r   d a t a   b i t s   w i t h i n   one  b l o c k   such   as  D 0 1 ,  

D02,  D03,  and  D04  a r e   s i m u l t a n e o u s l y   e r r o n e o u s ,   t h e  

s y n d r o m e   b i t s   SO  to   S6  a r e   ( 1 1 1 1 0 0 0 ) .   T h a t   i s ,   t h e  

s y n d r o m e   i s   an  e v e n - w e i g h t   v e c t o r .   In  a d d i t i o n ,  

a c c o r d i n g   to   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n   ( v i ) ,   t h e  

s y n d r o m e   i s   n o t   t h e   a l l   "0"  v e c t o r .   T h e r e f o r e ,   t h e  

s y n d r o m e   does   n o t   c o i n c i d e   w i t h   any  c o l u m n   v e c t o r s   o f  

t h e   H - m a t r i x ,   w h i c h   c o l u m n   v e c t o r s   a r e   o d d - w e i g h t  

v e c t o r s .   As  a  r e s u l t ,   t h i s   s y n d r o m e   a l s o   c a n n o t   b e  

d e c o d e d   by  any  g a t e   c i r c u i t s   1201"   t h r o u g h   1239"  of  t h e  

s y n d r o m e   d e c o d i n g   c i r c u i t   1 2 " ,   so  t h a t   a l l   t he   e r r o r   b i t  

s i g n a l s   EB01  t h r o u g h   EB32  and  EBCO  t h r o u g h   EBC6  a r e   a t   a  

low  l e v e l .   T h u s ,   t h e   s i n g l e - b i t   e r r o r   s i g n a l   SBE  i s   a t  

a  low  l e v e l .   C o n t r a r y   to   t h i s ,   s i n c e   t h e   s y n d r o m e   i s  

n o t   t he   a l l   "0"  v e c t o r ,   t h e   OR  c i r c u i t   1306"  g e n e r a t e s   a  

s i g n a l   ERROR,  a n d ,   a c c o r d i n g l y ,   t h e   g a t e   c i r c u i t   1 3 0 8 "  

g e n e r a t e s   t h e   m u l t i p l e - b i t   e r r o r   s i g n a l   MBE  a t   a  h i g h  

l e v e l .   T h u s ,   a  f o u r - b i t   e r r o r   w i t h i n   one  b l o c k   i s  

d e t e c t e d .  

I f   e i g h t   d a t a   b i t s   such   as  D01  to   D04  and  D10  t o  



D13  w i t h i n   two  a r b i t r a r y   b l o c k s   a re   s i m u l t a n e o u s l y  

e r r o n e o u s ,   t h e   s y n d r o m e   b i t s   SO  to  S6  a r e   ( 0 1 0 0 1 0 0 ) .  

T h a t   i s ,   t h e   s y n d r o m e   i s   an  e v e n - w e i g h t   v e c t o r .   I n  

a d d i t i o n ,   a c c o r d i n g   t o   t h e   a b o v e - m e n t i o n e d   c o n d i t i o n  

( v i i ) ,   t h e   s y n d r o m e   i s   n o t   t h e   a l l   "0"  v e c t o r .  

T h e r e f o r e ,   t h e   s y n d r o m e   d o e s   n o t   c o i n c i d e   w i t h   a n y  
c o l u m n   v e c t o r s   of  t h e   H - m a t r i x ,   w h i c h   c o l u m n   v e c t o r s   a r e  

o d d - w e i g h t   v e c t o r s .   As  a  r e s u l t ,   t h i s   s y n d r o m e   a l s o  

c a n n o t   be  d e c o d e d   by  any   g a t e   c i r c u i t s   1201"   t h r o u g h  

1239"   of  t h e   s y n d r o m e   d e c o d i n g   c i r c u i t   1 2 " ,   so  t h a t   a l l  

t h e   e r r o r   b i t   s i g n a l s   EB01  t h r o u g h   EB32  and  EBCO  t h r o u g h  

EBC6  a r e   a t   a  low  l e v e l .   T h u s ,   t h e   s i n g l e - b i t   e r r o r  

s i g n a l   SBE  is   a t   a  low  l e v e l .   C o n t r a r y   to   t h i s ,   s i n c e  

t h e   s y n d r o m e   is   n o t   t h e   a l l   "0"  v e c t o r ,   t h e   OR  c i r c u i t  

1306"   g e n e r a t e s   a  s i g n a l   ERROR,  and ,   a c c o r d i n g l y ,   t h e  

g a t e   c i r c u i t   1308"  g e n e r a t e s   t h e   m u l t i p l e - b i t   e r r o r  

s i g n a l   MBE  a t   a  h i g h   l e v e l .   T h u s ,   an  8 - b i t   b u r s t   e r r o r  

w i t h i n   two  b l o c k s   i s   d e t e c t e d .  

T h u s ,   i t   i s   p o s s i b l e   to   c o r r e c t   a  s i n g l e - b i t   e r r o r  

and  to   d e t e c t   a  d o u b l e - b i t   e r r o r ,   a  t r i p l e - b i t   e r r o r  

w i t h i n   one  b l o c k ,   and  a  q u a d r u p l e - b i t   e r r o r   w i t h i n   o n e  

' b l o c k   h a v i n g   4  b i t s .   I t   i s   a l s o   p o s s i b l e   to   d e t e c t   a n  

8 - b i t   b u r s t   e r r o r   w i t h i n   two  b l o c k s .  

A c c o r d i n g   to  t h e   e r r o r   c o r r e c t i n g   and  d e t e c t i n g  

s y s t e m   of  t he   p r e s e n t   i n v e n t i o n ,   i t   i s   p o s s i b l e   t o  

d e t e c t   an  8 - b i t   b u r s t   e r r o r   w i t h i n   two  b l o c k s ,   w h i c h  

i s   i m p o s s i b l e   in  t h e   p r i o r   a r t ,   w i t h o u t   i n c r e a s i n g   t h e  

c h e c k   b i t s   ( r e d u n d a n c y   b i t s )   as  c o m p a r e d   w i t h   t he   p r i o r  

a r t ,   t h e r e b y   f u r t h e r   e n h a n c i n g   t h e   e r r o r   d e t e c t i n g  

a b i l i t y .  

In  a  memory  u n i t   f o r m e d   by  memory  c h i p s   of  a  4 - b i t  

c o n f i g u r a t i o n ,   s i n c e   t h e   p r e s e n c e   of  an  8 - b i t   b u r s t  

e r r o r   due  to   t h e   f a i l u r e   of  two  c h i p s   or  t h e   f a i l u r e   o f  

a  common  c i r c u i t   f o r   t h e   two  c h i p s   can  be  d e t e c t e d   i n  

a c c o r d a n c e  w i t h   t h e   p r e s e n t   i n v e n t i o n ,  t h e   d a t a   i n t e g r i t y  

of  t h e   memory  u n i t   and   t h e   r e l i a b i l i t y   of  t h e   h a r d w a r e  

a r e   i m p r o v e d .   F u r t h e r ,   e v e n   in  t h e   c a s e   w h e r e   t h e  



memory  u n i t   i s   c o n s t r u c t e d   by  memory  m o d u l e s   of  a n  
8 - b i t   c o n f i g u r a t i o n   u s i n g   memory  c h i p s   of   a  1 - b i t  

c o n f i g u r a t i o n ,   of  a  2 - b i t   c o n f i g u r a t i o n   or  of  a  4 - b i t  

c o n f i g u r a t i o n ,   s i n c e  a   b u r s t   e r r o r   w i t h i n   t he   m e m o r y  
m o d u l e   or  an  8 - b i t   b u r s t   e r r o r   of  two  of  t h e   m e m o r y  
m o d u l e s   can   be  d e t e c t e d ,   t h e   p r e s e n t   i n v e n t i o n   i s  

h e l p f u l   in  s e c u r i n g   i n t e g r i t y   of  d a t a   and  i m p r o v i n g  

t he   r e l i a b i l i t y .  

The  e r r o r   c o r r e c t i n g   and  d e t e c t i n g   s y s t e m   of  t h e  

p r e s e n t   i n v e n t i o n   can  be  r e a l i z e d   by  t h e   same  a m o u n t  

of  h a r d w a r e ,   t h e   same  t i m e   of  c o d i n g   and  d e c o d i n g ,   t h e  

same  r e l i a b i l i t y ,   and  t h e   same  c o s t   as  t h o s e   of  t h e  

p r i o r   a r t   t e c h n o l o g y .   F u r t h e r ,   when  i m p r o v i n g   t h e   c o s t  

p e r f o r m a n c e   by  r e p l a c i n g   t h e   memory  c h i p   w i t h   a  m o v e  

h i g h l y   i n t e g r a t e d   memory  c h i p ,   f o r   e x a m p l e ,   w h e n  

r e p l a c i n g   a  64K  b i t   memory   c h i p   of   a  64K  word  x  1  b i t  

c o n f i g u r a t i o n   w i t h   a  256K  b i t   memory  c h i p   of  t he   2 5 0 K  

word  x  1  b i t   c o n f i g u r a t i o n ,   t h e   same  e r r o r   c o r r e c t i n g  

and  d e t e c t i n g   s y s t e m   u s i n g   t h e   p r i o r   a r t   SEC-DED  c o d e  

can  be  u s e d .   H o w e v e r ,   t h e r e   i s   a  p r o b l e m   in  t h a t   t h e  

minimum  and  i n c r e m e n t a l   c a p a c i t y   of  t h e   memory  u n i t   a r e  

i n c r e a s e d   and  t h e   p e r f o r m a n c e   of  t h e   r e p l a c e d   m e m o r y  
u n i t   i s   r e d u c e d   s i n c e   t h e   i n t e r l e a v e s   p e r   u n i t   c a p a c i t y  

a re   d e c r e a s e d .  

On  t h e   o t h e r   h a n d ,   when   t h e   a b o v e - m e n t i o n e d   m e m o r y  
u n i t   i s   r e p l a c e d   w i t h   a  256K  b i t   memory  c h i p   of  a  64K 

word  x  4  b i t   c o n f i g u r a t i o n ,   t h e   same  minimum  a n d  

i n c r e m e n t a l   c a p a c i t y   of   t h e   memory  u n i t   i s   o b t a i n e d  

as  t h e   p r e d e c e s s o r .   H o w e v e r ,   t h e   p r i o r   a r t   e r r o r  

c o r r e c t i n g   and  d e t e c t i n g   s y s t e m   u s i n g   t h e   SEC-DED  c o d e  

c a n n o t   be  u s e d   in  v i e w   of   i n t e g r i t y   of  and  r e l i a b i l i t y  

of  d a t a .   In  such   a  c a s e ,   i f   t h e   e r r o r   c o r r e c t i n g   a n d  

d e t e c t i n g   s y s t e m   of  t h e   p r e s e n t   i n v e n t i o n   i s   u s e d ,   i t  

i s   u n n e c e s s a r y   to  m o d i f y   t h e   c o n f i g u r a t i o n   and  t i m i n g  

s p e c i f i c a t i o n   o f  t h e   e r r o r   c o r r e c t i n g   and  d e t e c t i n g  

s y s t e m   on  t h e   r e p l a c e m e n t ,   t h e r e b y   o b t a i n i n g   t h e  

a d v a n t a g e   of  s u f f i c i e n t   d a t a   i n t e g r i t y   and  r e l i a b i l i t y .  



1.  A  e r r o r   c o r r e c t i n g  a n d   d e t e c t i n g   s y s t e m  

c o m p r i s i n g   means   (4)  fo r   p r o d u c i n g   8  r e d u n d a n c y   b i t s  

f rom  64  d a t a   b i t s   in  a c c o r d a n c e   w i t h   t h e   f o l l o w i n g  

p a r i t y - c h e c k   H - m a t r i x   (100)  f o r m e d   by  18  v e c t o r   b l o c k s ,  

e a c h   v e c t o r   b l o c k   c o m p r i s i n g   4  c o l u m n   v e c t o r s  

w h e r e   e a c h   e l e m e n t   i s   0  or  1 ;  

i  =  1,  2,  . . .  ,   18;  a n d  

j  =  1,  2,  3,  4;  t h e n  

w h e r e   ( i)   t h e r e   a r e   no  a l l   "0"  v e c t o r ;  

( i i )   a l l   c o l u m n   v e c t o r s   a r e   d i f f e r e n t   f rom  e a c h  

o t h e r ;  

( i i i )   8  c o l u m n   v e c t o r s   e a c h   h a v i n g   o n l y   one  "1"  a r e  

i n c l u d e d   t h e r e i n ;  

( iv )   e a c h   c o l u m n   v e c t o r   h a s  a n   odd  n u m b e r  

o f  " 1 ' s " ;  



(v)  t h e   m o d u l o - 2   sum  hA  of  any  t h r e e   c o l u m n  

v e c t o r s   w i t h i n   any  b l o c k   n e v e r   e q u a l s   any  c o l u m n   v e c t o r s  

of  t h e   H - m a t r i x   ( 1 0 0 ) ,   i . e . ,  

w h e r e   i  =  1,  2,  . . . ,   1 8 ;  j  =   1,  2,  3,  4;  p  =  1,  2 ,  

. . . ,   18;  ( k , l , m )  =   ( 2 , 3 , 4 ) ,   ( 1 , 3 , 4 )  ,   ( 1 , 2 , 4 )  ,   ( 1 , 2 , 3 )  ;  

(vi)   t h e   m o d u l o - 2   sum  hB  of  f o u r   c o l u m n   v e c t o r s  

w i t h i n   any  b l o c k   i  n e v e r   e q u a l s   t h e   a l l   "0"  v e c t o r ,  

i . e . ,  



w h e r e   i  =  1,  2,  . . . ,   1 8 ;  

( v i i )   t h e   m o d u l o - 2   sum  of   e i g h t   c o l u m n   v e c t o r s  

w i t h i n   any  two  b l o c k s   p  and  q  n e v e r   e q u a l s   t h e   a l l   " 0 "  

v e c t o r ,   i . e . ,  



w h e r e   p,  q  =   1,  2,  . . . ,   18;  p  ≠   q ;  
s a i d   s y s t e m   f u r t h e r   c o m p r i s i n g :  

a  memory  u n i t   ( 7 ) ;  

w r i t e   means  (6 ,   19)  f o r   w r i t i n g   a  
7 2 - b i t   c o d e w o r d   f o r m e d   by  s a i d   8  r e d u n d a n c y  

b i t s   and  64  d a t a   b i t s   i n t o   s a i d   m e m o r y  
u n i t   ( 7 ) ;  

r e a d  m e a n s   (8 ,   19)  f o r   r e a d i n g   s a i d  

7 2 - b i t   c o d e w o r d   f rom  s a i d   memory   u n i t   ( 7 ) ;  

means   (10)  f o r   p r o d u c i n g   8  s y n d r o m e  
b i t s   (SO  to  S7)  f rom  s a i d   7 2 - b i t   c o d e w o r d   i n  

a c c o r d a n c e   w i t h   t he   H - m a t r i x   ( 1 0 0 ) ;  

means   (12)  f o r   d e c o d i n g   s a i d   8 

s y n d r o m e   b i t s   (SO  to  S7)  t o   p r o d u c e   a  7 2 - b i t  

e r r o r   b i t   s i g n a l   (EB01  t o   EB64,   EBCO  to  EBC7) 



s h o w i n g   t h e   l o c a t i o n   of  a  s i n g l e - b i t   e r r o r ;  

means   (17)  f o r   c o r r e c t i n g   a  

s i n g l e - b i t   e r r o r   of   s a i d   d a t a   b i t s   (MRD01 

to  64)  r e a d   by  s a i d   r e a d   means   (8,  19)  w i t h  

s a i d   6 4 - b i t   e r r o r   b i t   s i g n a l ;   a n d  

means   (13)  f o r   d e t e r m i n i n g   t h e  

e x i s t e n c e   o f - a   d o u b l e - b i t   e r r o r ,   a  t r i p l e - b i t  

e r r o r   w i t h i n   one  b l o c k ,   a  q u a d r u p l e - b i t   e r r o r  

w i t h i n   one  b l o c k ,   and   an  8 - b i t   b u r s t   e r r o r  

w i t h i n   two  b l o c k s   by  t h e   l o g i c a l   o p e r a t i o n   o f  

s a i d   e r r o r   b i t   s i g n a l   (EB01  to   EB64,  EBCO  t o  

EBC7)  and  s a i d   8  s y n d r o m e   b i t s   (SO  to  S 7 ) .  

2.  An  e r r o r   c o r r e c t i n g   and  d e t e c t i n g   s y s t e m  

c o m p r i s i n g   means   ( 4 ' )   f o r   p r o d u c i n g   8  r e d u n d a n c y   b i t s  

f rom  32  d a t a   b i t s   in  a c c o r d a n c e   w i t h   t h e   f o l l o w i n g  

p a r i t y - c h e c k   H - m a t r i x   (200)  f o r m e d   by  10  v e c t o r   b l o c k s  

e a c h   v e c t o r   b l o c k   c o m p r i s i n g   4  c o l u m n   v e c t o r s  

w h e r e   e a c h   e l e m e n t   i s   0  or   1 ;  

i  =  1,  2,  . . .  ,   10;  a n d  

j  =  1,  2,  3,  4;  t h e n  



w h e r e   (i)  t h e r e   a r e   no  a l l   "0"  v e c t o r ;  

( i i )   a l l   c o l u m n   v e c t o r s   a r e   d i f f e r e n t   f rom  e a c h  

o t h e r ;  

( i i i )   8  c o l u m n   v e c t o r s   e a c h   h a v i n g   o n l y   one  "1"  a r e  

i n c l u d e d   t h e r e i n ;  

( iv )   e a c h   c o l u m n   v e c t o r   h a s   an  odd  n u m b e r  

of  " l ' s " ;  

(v)  t h e   m o d u l o - 2   sum  hA  of  any  t h r e e   c o l u m n  

v e c t o r s   w i t h i n   e a c h   b l o c k   n e v e r   e q u a l s   any  c o l u m n  

v e c t o r s   of  t h e   H - m a t r i x   ( 2 0 0 ) ,   i . e . ,  



where   i  =  1,  2,  . . . ,   1 0 ;  j   =  1,  2,  . . . ,   4 , ;   p  =  1,  2 ,  

. . .  ,   10;  ( k , l , m )  =   ( 2 , 3 , 4 ) ,   ( 1 , 3 , 4 ) ,   ( 1 , 2 , 4 ) ,   ( 1 , 2 , 3 ) ;  

( v i )   The  m o d u l o - 2   sum  hB  of  f o u r   c o l u m n   v e c t o r s  

w i t h i n   any   b l o c k   i  n e v e r   e q u a l s   to  a l l   "0"  v e c t o r   i . e . ,  

whe re   i  =  1,  2,  . . . ,   1 0 ,  

( v i i )   t h e   m o d u l o - 2   sum  of  e i g h t   c o l u m n   v e c t o r s  



w i t h i n   any  two  b l o c k   p  and  q  of  n e v e r   e q u a l s   a t   t h e   a l l  

c o l u m n   v e c t o r s   w i t h i n   any  two  b l o c k s   p  and  and  q  n e v e r  

e q u a l s   t h e   a l l   "0"  v e c t o r ,   i . e . . ,  

w h e r e   p,  q  =  1,  2,  . . .  ,   1 0 : p  ≠   q ;  
s a i d   s y s t e m   f u r t h e r   c o m p r i s i n g :  

a  memory  u n i t   ( 7 ) ;  

w r i t e   means   (6,  19)  f o r   w r i t i n g   a  

4 0 - b i t   c o d e w o r d   f o r m e d   by  s a i d   8  r e d u n d a n c y  

b i t s   and  32  d a t a   b i t s   i n t o   s a i d   m e m o r y  



u n i t   (7)  ;  

r e a d   m e a n s   (8,  19)  f o r   r e a d i n g   s a i d  

1 0 - b i t   c o d e w o r d   f r o m   s a i d   memory  u n i t   ( 7 ) ;  

means   ( 1 0 ' )   f o r   p r o d u c i n g   8  s y n d r o m e  
b i t s   (SO  to  S7)  f r o m   s a i d   4 0 - b i t   c o d e w o r d   i n  

a c c o r d a n c e   w i t h   t h e   H - m a t r i x   ( 2 0 0 ) ;  

means   ( 1 2 ' )   f o r   d e c o d i n g  s a i d   8 

s y n d r o m e   b i t s   (SO  t o   S7)  to  p r o d u c e   a  4 0 - b i t  

e r r o r   b i t   s i g n a l   (EB01  to  EB32,  EBCO  to  EBC7) 

s h o w i n g   the   l o c a t i o n   of  a  s i n g l e - b i t   e r r o r ;  

means   ( 1 7 ' )   f o r   c o r r e c t i n g   a  

s i n g l e - b i t   e r r o r   of   s a i d   d a t a   b i t s   (MRD01 

to   32)  r e a d   by  s a i d   r e a d   means  (8,  19)  w i t h  

s a i d   6 4 - b i t   e r r o r   b i t   s i g n a l ;   a n d  

means   ( 1 3 ' )   f o r   d e t e r m i n i n g   t h e  

e x i s t e n c e   of  a  d o u b l e - b i t   e r r o r ,   a  t r i p l e - b i t  

e r r o r   w i t h i n   one   b l o c k   a  q u a d r u p l e - b i t   e r r o r  

w i t h i n   one  b l o c k ,   and   an  8 - b i t   b u r s t   e r r o r  

w i t h i n   two  b l o c k s   by  t h e   l o g i c a l   o p e r a t i o n   o f  

s a i d   e r r o r   b i t   s i g n a l   (EB01  to   EB32,  EBCO  t o  

EBC7)  and  s a i d   8  s y n d r o m e   b i t s   (SO  to  S 7 ) .  

3.  An  e r r o r   c o r r e c t i n g   and  d e t e c t i n g   s y s t e m -  

c o m p r i s i n g   means   (4")  f o r   p r o d u c i n g   r e d u n d a n c y   b i t s  

from  32  d a t a   b i t s   in  a c c o r d a n c e   w i t h   t h e   f o l l o w i n g  

p a r i t y - c h e c k   H - m a t r i x   (300)   f o r m e d   by  9  f i r s t   v e c t o r  

b l o c k s   and   a  s e c o n d   v e c t o r   b l o c k   e a c h   f i r s t   v e c t o r   b l o c k  

c o m p r i s i n g   4  column  v e c t o r s  

( )  

whe re   e a c h   e l e m e n t   i s   0  o r   1 ;  

i  =  l ,   2,  . . .  ,   9;  a n d  

j  =  1,  2,  3,  4 ;  



s a i d   s e c o n d   v e c t o r   b l o c k   c o m p r i s i n g  
3  c o l u m n   v e c t o r s  

w h e r e i n   e a c h   e l e m e n t   i s   0  o r   1 ;  

i  =  10;  a n d  j   =  1,  2,  3,  t h e n  

w h e r e   ( i)   t h e r e   a re   no  a l l   "0"  v e c t o r ;  

( i i )   a l l   co lumn   v e c t o r s   a r e   d i f f e r e n t   f rom  e a c h  

o t h e r ;  

( i i i )   8  c o l u m n   v e c t o r s   e a c h   h a v i n g   o n l y   one  "1"  i s  

i n c l u d e d   t h e r e i n ;  

( iv )   e ach   c o l u m n   v e c t o r   h a s   an  odd  n u m b e r   o f  

" 1 ' s " ;  

(v)  t h e   m o d u l o - 2   sum  hA  of   any  t h r e e   c o l u m n  

v e c t o r s   w i t h i n   any  n e v e r   e q u a l s   any  c o l u m n   v e c t o r s   o f  

t h e   H - m a t r i x   ( 3 0 0 ) ,   i . e . ,  



where   i  =  1,  2,  . . .  ,   1 0 ;  j   =  1,  2,  3,  4;  p  =  1,  2 ,  . . . ,  

18;  ( k , l , m )  =   ( 2 , 3 , 4 ) ,   ( 1 , 3 , 4 ) ,   ( 1 , 2 , 4 ) ,   ( 1 , 2 , 3 ) ;  

(v i )   t h e   m o d u l o - 2   sum  hB  of  f o u r   co lumn  v e c t o r s  

w i t h i n   any  b l o c k   i  n e v e r   e q u a l s   t h e   a l l   "0"  v e c t o r ,  

i . e . ,  



w h e r e   i  =  1,  2,  . . . ,   9 ;  

( v i i )   t h e   m o d u l o - 2   sum  of  e i g h t   c o l u m n   v e c t o r s  

w i t h i n   any  two  b l o c k s   p  and  q  n e v e r   e q u a l s   t h e   a l l   " 0 "  

v e c t o r ,   i . e . ,  



w h e r e   p ,   q  =  1 ,  2 ,   . . . ,   19;  p %  q ;  
s a i d   s y s t e m   f u r t h e r   c o m p r i s i n g :  

a  memory  u n i t   ( 7 ) ;  

w r i t e   means   (6,  19)  f o r   w r i t i n g   a  

3 9 - b i t   c o d e w o r d   f o r m e d   by  s a i d   7  r e d u n d a n c y  

b i t s   and  64  d a t a   b i t s   i n t o   s a i d   m e m o r y  
u n i t   ( 7 ) ;  

r e a d   means   (8,  19)  f o r   r e a d i n g   s a i d  

3 9 - b i t   c o d e w o r d   f rom  s a i d . m e m o r y   u n i t   ( 7 ) ;  

means   (10")   f o r   p r o d u c i n g   7  s y n d r o m e  

b i t s   (SO  to  S6)  f rom  s a i d   3 9 - b i t   c o d e w o r d   i n  

a c c o r d a n c e   w i t h   t h e   H - m a t r i x   ( 1 0 0 ) ;  

means   (12")   f o r   d e c o d i n g   s a i d   7 

s y n d r o m e   b i t s   (SO  to   S6)  to  p r o d u c e   a  3 9 - b i t  

e r r o r   b i t   s i g n a l   (EB01  to   EB32,   EBCO  to  EBC6) 

s h o w i n g   t he   l o c a t i o n   of  a  s i n g l e - b i t   e r r o r ;  

means   (17")   f o r   c o r r e c t i n g   a  

s i n g l e - b i t   e r r o r   of  s a i d   d a t a   b i t s   (MRD01 

to   32)  r e a d   by  s a i d   r e a d   means   (8 ,   19)  w i t h  

s a i d   3 2 - b i t   e r r o r   b i t   s i g n a l ;   a n d  

means   (13")   f o r   d e t e r m i n i n g   t h e  

e x i s t e n c e   of   a  d o u b l e - b i t   e r r o r ,   a  t r i p l e - b i t  

e r r o r   w i t h i n   one  b l o c k ,   a  q u a d r u p l e - b i t   e r r o r  



w i t h i n   one  b l o c k ,   and  an  8 - b i t   b u r s t   e r r o r  
w i t h i n   two  b l o c k s   by  t h e   l o g i c a l   o p e r a t i o n   o f  

s a i d   e r r o r   b i t   s i g n a l   (EB01  t o  E B 3 2 ,   EBCO  t o  

EBC6)  and  s a i d   7  s y n d r o m e   b i t s   (SO  to  S 6 ) .  

4.  A  s y s t e m   as  s e t   f o r t h   in   c l a i m   1,  2,  or  3 ,  
w h e r e i n   s a i d   r e d u n d a n c y   b i t   p r o d u c i n g   m e a n s   ( 4 ,  4 ' ,  4 " )  

c o m p r i s e s   a  p l u r a l i t y   of  g r o u p s   of  e x c l u s i v e   OR  c i r -  

c u i t s ,   e a c h   g r o u p   p e r f o r m i n g   a  m o d u l o - 2   sum  o p e r a t i o n  

upon  t h e   d a t a   b i t s   c o r r e s p o n d i n g   to  t h e   "1"  e l e m e n t   o f  

one  row  o f   t h e   H - m a t r i x .  

5.  A  s y s t e m   as  s e t   f o r t h   in  c l a i m   1,  2,  or  3 ,  

w h e r e i n   s a i d   s y n d r o m e   b i t   p r o d u c i n g   means   ( 1 0 ,   1 0 ' ,   1 0 " )  

c o m p r i s e s   a  p l u r a l i t y   of  g r o u p s   of  e x c l u s i v e   OR  c i r -  

c u i t s ,   e a c h   g r o u p   p e r f o r m i n g   a  m o d u l o - 2   sum  o p e r a t i o n  

upon  t h e   d a t a   b i t s   and  t h e   r e d u n d a n c y   b i t s   c o r r e s p o n d i n g  

to  t h e   "1"   e l e m e n t   of  one  row  of  t h e   H - m a t r i x .  

6.  A  s y s t e m   as  s e t   f o r t h   in  c l a i m   1,  2,  or  3 ,  

w h e r e i n   s a i d   s y n d r o m e   d e c o d i n g   means   ( 12 ,   1 2 ' ,   1 2 " )  

c o m p r i s e s   a  p l u r a l i t y   of  g a t e   c i r c u i t s   ( 1 2 0 1   t o   1 2 6 4 ,  

1201 '   to   1 2 4 0 " ,   1201"  to  1239" )   e a c h   p r o v i d e d   f o r   o n e  

of  t h e   d a t a   b i t s ,   f o r   d e c o d i n g   s a i d   s y n d r o m e   b i t s .  

7.  A  s y s t e m   as  s e t   f o r t h   in  c l a i m   1,  2,  or  3 ,  

w h e r e i n   s a i d   e r r o r   c o r r e c t i n g   means   (17 ,   1 7 ' ,   1 7 " )  

c o m p r i s e s   a  p l u r a l i t y   of  e x c l u s i v e   OR  c i r c u i t s   (1701  t o  

1 7 7 2 ,   1 7 0 1 '   to   1 7 4 0 ' ,   1701"  to   1 7 3 9 " ) ,   e a c h   r e c e i v i n g  

one  of   s a i d   r e a d   d a t a   b i t s   (MRD01  to  64,   MRD01  to  3 2 )  

f rom  s a i d   r e a d   means   (8,  19)  and  one  of  s a i d   e r r o r   b i t  

s i g n a l s   (EB01  to  EB64,  EBCO  to  EBC7,  EB01  to   EB32,  EBCO 

to  EBC7,  EB01  EBC32,  EBCO  to  EBC6)  of  s a i d   s y n d r o m e  

d e c o d i n g   m e a n s   (12 ,   1 2 ' ,   1 2 " ) .  

8.  A  s y s t e m   as  s e t   f o r t h   in  c l a i m   1,  2,  or  3 ,  

w h e r e i n   s a i d   e r r o r   d e t e r m i n i n g   means   (13 ,   1 3 ' ,   1 3 " )  

c o m p r i s e s :  

OR  c i r c u i t   means   (1301  to   1 3 0 9 ,   1 3 1 1 ,  

1 3 0 1 '  t o   1 3 0 5 ' ,   1 3 0 7 ' ,   -1301"  to   1 3 0 5 " ,   130-7")- ,   c o n n e c t e d  

to  s a i d   s y n d r o m e   d e c o d i n g   means   (12,   1 2 ' ,   1 2 " ) ,   f o r  

d e t e c t i n g   a  s i n g l e - b i t   e r r o r   to   p r o d u c e   a  s i n g l e - b i t  



e r r o r   s i g n a l   ( S B E ) ;  

an  OR  c i r c u i t   ( 1 3 1 0 ,   1 3 0 6 ' ,   1 3 0 6 " ) ,  

c o n n e c t e d   to  r e c e i v e   s a i d   s y n d r o m e   b i t s   (SO  to  S7,  SO  t o  

S6)  f rom  s a i d   s y n d r o m e   g e n e r a t i n g   means   (10 ,   1 0 ' ,   1 0 " ) ,  

f o r   p r o d u c i n g   an  e r r o r   s i g n a l   (ERROR);  a n d  

a  g a t e   c i r c u i t   ( 1 3 1 2 ,   1 3 0 8 ' ,   1 3 0 8 " ) ,  

c o n n e c t e d   to   s a i d   OR  c i r c u i t   m e a n s   and  s a i d   OR  c i r c u i t ,  

f o r   p r o d u c i n g   a  m u l t i p l e - b i t   e r r o r   s i g n a l   (MBE)  o n l y  

when  r e c e i v i n g   s a i d - e r r o r   s i g n a l   (ERROR)  w i t h   n o  

s i n g l e - b i t   e r r o r   s i g n a l   ( S B E ) .  
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